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Abstract 
Tumor cell is one of the most studied cell types and it differs from normal body cell in 
physiological and in molecular aspects. In solid tumor, cancer cells grow in aggregation 
to form a mass and vascular supply to the tumor may not be sufficient. Therefore cells of 
solid tumor are exposed to distinct stresses conditions. Typical stress conditions within 
solid tumor will include hypoxia, hypoxic acidosis, insufficient nutrients supply and 
accumulation of acidic or toxic waste metabolites. 
Human A431 vaginal squamous carcinoma cells and SiHa valval squamous carcinoma 
cells were used in studying the protein tyrosine phosphorylation profile of cells under 
hypoxia. Investigation shows that both cell lines can survive for a few days under 
hypoxia, and hypoxia does not induce apoptosis on both cell lines. On the other hands, 
the two cell lines are vulnerable under acidic condition and glucose depletion condition. 
Current studies also suggest that hypoxia modifies EGF response profile on A431 cells 
and SiHa cells. Upon reoxygenation, some of the modifying effects still maintain. 
The search for stress-related genes and hypoxia-related genes was done through reverse 
transcription polymerase chain reaction based differential display (DD RT-PCR) and 
cloning techniques. Some novel genes were identified for demonstrating up-regulation 
under particular stress condition as shown by Northern Blot analysis. This may give some 
preliminary information on the molecular aspects of cancer cells under stress conditions. 
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在缺氧及缺氧後再供氧的情況下， 細胞對於表皮生長激素 （EGF) 
的反應跟在正常氧氣環境下發現有所不同. 其不同包括對於細胞的生長速度， 
生長激素受體(EGFR)的表現等等. 
此外， 人類魚鱗狀癌細胞 A431 
的基因在環境壓力下的表現變化可利用微分顯示的科技 (DD RT-PCR) 
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的技術去探究. 硏究發現一些基因會在特定環境壓力下突顯出來或被抑制. 
詳細分析這些基因的特性對於腫瘤的生理發展和醫療方向都可助了解和改善. 
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General Introduction 
Apart from the biological variations of tumor cells to normal cells, the environment 
surrounding tumor cells and normal cells are also different. Normal cells are under steady 
and homeostasis environment while tumor cells depend on its kinds, are under different 
stress conditions. Since tumor cells undergo uncontrolled proliferation, the solid tumor 
grows into masses, making the environment of the internal area of the tumor differ from 
that of the external area. It is commonly、known that the pH, oxygen level, glucose 
concentration vary among different parts of the tumor mass. It also implies that changing 
the tumor micro environment may alter the survival of tumor cells. 
Hypoxia is intensified in anemic patients, especially in tumors with low perfusion rates. 
Hypoxia and anemia (most probably via worsening of tumor hypoxia) can lead to 
therapeutic problems, as they make solid tumors resistant to sparsely ionizing radiation 
and some forms of chemotherapies. In addition to more direct mechanisms involved in 
the development of therapeutic resistance, there are also indirect machineries that can 
cause barriers to therapies. These include hypoxia-driven proteome and genome changes 
and clonal selection. These, in turn, can drive subsequent events that are known to further 
increase resistance to therapy (Vaupel et al., 1998). And it is found that the most hypoxic 
cells exhibited a metastatic efficiency that was generally twice that of cells from well-
oxygenated regions (Young and Hill, 1990). 
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Besides, the microvessel wall is a barrier for the delivery of various therapeutic agents to 
tumor cells. Tumor microvessels are，in general, more permeable to macromolecules than 
normal vessels. They lose some selectivity towards the substances that entering the tumor 
cells. The vascular permeability is heterogeneous in tumors and dependent on 
physicochemical properties of molecules as well as the ultrastructure of the vessel wall 
(Yuan, 1998). 
� 
In this research, hypoxia was introduced to the tumor cell, together with other stress 
environments such as acidosis and gamma-irradiation. When a solid tumor grows, the 
tumor cells in the central part of the tumor and the tumor cells located distant from the 
tumor blood vessels may suffer from lack of oxygen and glucose. Changes in oxygen 
content will also alter the pH of the environment. Under these stresses, the tumor cells 
may also behave differently under irradiation treatment. Therefore studying the biological 
characteristics of tumor cells under different microenvironments will help us to 
understand more about the biology and physiology of tumor cells. 
In the other part of the research, the signaling response of tumor cells to EGF was 
studied. EGF is one of the most commonly studied growth factor. It is wondered that 
hypoxia may modify the responses of cells to EGF, and also the signaling kinetics to 
EGF. 
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Genes that are induced by hypoxia appear to share a common sensing mechanism, a 
common mode of signal transduction, and perhaps a common transcription apparatus. To 
investigate the hypoxia-related genes, in the final chapter, the differentially expressed 
genes in A431 cell under different micro environmental conditions were studied by 
differential display. 
The Chinese Uni versity of Hong Kong 15 
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CHAPTER ONE 
BIOLOGICAL CHARACTERIZATION OF 
A431 CELLS AND SiHa CELLS SUBJECTED 
TO DIFFERENT MICROENVIRONMENTS 
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1.1 Introduction 
Tumor cells behave differently from normal cells. The common characteristics of cancer 
cells are the loss of contact inhibition, uncontrolled proliferation and abnormal protein 
expression on cell surface membrane etc. Solid tumor, a growing aggregation of cancer 
cells, usually of the same type, sustains its growth by the supply of blood vessel into the 
tumor mass. Usually the proliferation of the tumor cells is not consistent with the growth 
of the tumor blood vessels. Under-vascularization in tumor mass associates with stress 
conditions (Jain, 1987). The stress conditions include lack of glucose supply, reduced 
oxygen level, which may eventually lead to acidosis of particular area. These changes 
will alter the effectiveness of cancer therapies such as irradiation treatment and 
chemotherapy (Vaupel, 2001). Therefore, the study of the biological characteristics of 
tumor cells under stress condition may help understand more on solid tumor's behavior 
and the effectiveness of the cure methods. 
The therapeutic response of malignant tumors depends on a number of factors associated 
with tumor microenvironments including the possibility that these micro environmental 
conditions change during treatment. (Raleigh et al., 1999). The presence of unperfused 
regions containing hypoxic cells may also contribute to resistance to some 
chemotherapeutic agents. Evidence that hypoxic cells are a significant cause of local 
failure after optimal clinical radiotherapy or chemotherapy regimens is limited and less 
definitive (Moulder and Rockwell, 1987). In addition to the vascular density, vascular 
heterogeneity is an important factor while estimating the hypoxic fraction in tissue 
(Nilsson et a l , 2002). 
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1.1.1 Microenvironment Surrounding Tumor Cells 
As illustrated in Fig. 1, we can see the cross section of a typical tumor mass. Tumor mass 
is not well vasculized as in normal tissue (Yung, 1998); there are only few main blood 
vessels penetrating into the tumor mass. Also due to rapid proliferation of the tumor cells, 
the growth of tumor is not always catching up with the speed of blood vessel networks 
extension, and thus leading to inadequate supply of oxygen and nutrients from blood 
vessels. Apart from reduced nourishment to the cancer cells, it is sometimes associated 
with drug delivery problems (Yung, 1998). Usually the cells spatially more distant from 
the blood vessels are under stress conditions such as reduced diffusion of oxygen and 
glucose. The pH value at that region is prone to be reduced due to high CO2 and other 
metabolites. Therefore, solid tumor cells are situated under various stresses, they exhibit 
different response towards therapeutic measures. Among the stress, hypoxia is a 
characteristic property of locally advanced solid tumors. Major pathogenetic mechanisms 
for the development of hypoxia are: structural and functional abnormalities of tumor 
microvasculature; increased diffusion distance and tumor-associated and therapy-induced 
anemia (Sundfor, et al., 1998; Vaupel et al., 2001). These tumor physiologic conditions 
are not observed in normal tissues. To study this phenomenon, one has first to study the 
biological behaviors of cancer cells under stress environments. Different stresses will be 
posed on cancer cells A431 and SiHa, they include, normal conditions (called aerobic or 
control in this thesis), hypoxia, reoxygenation, acidic condition, glucose depleted 
condition. The details of how to produce such incubation environment will be mentioned 
in later sessions. 
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Figure 1.1 Schematic diagram illustrates the spatial location of cells that are prone to 
hypoxia. The rapid growing cancer cells rely on the nutrients and oxygen diffusion 
from the tumor vascular system. If the tumor mass is not well supplied with blood 
vessels, cells that are located distance from the blood vessels are prone to receive 
insufficient oxygen and nutrients supply. 
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1.1.2 Hypoxic Environment 
An in vitro hypoxic environment was set up to mimic the in vivo hypoxic environment in 
the solid tumor. A hypoxic chamber that includes a gas flushing system, working area 
and an incubator was used throughout this research to provide hypoxic environment. The 
details are in the following subparts. 
1.1.2.1 The Hypoxic Chamber 
V 
Fig.2 shows the photograph of the outlook of the Bactron Anaerobic / Envrionmental 
Chamber (abbreviated as hypoxic chamber in this thesis) from SHEL LAB Sheldon 
Manufacturing, Inc. 
The chamber includes three parts, a small gas-fluxing chamber, inside the gas-fluxing 
chamber, there was a window connecting to the second part - a closed working area, and 
the third main part was the 37。C hypoxic incubator. The chamber was connected with a 
gas supply of 10%C02+90%N2 (abbreviated as chamber gas) from Hong Kong Special 
Gas. The gas-fluxing chamber and the closed working area were connected to a vacuum 
pump. There were two small round windows with long plastic sleeves that allow the user 
to insert hands into the working area of the chamber manipulate the culture dishes or 
flasks. Details on the functions and the working with the hypoxic chamber will be 
introduced in the "Methods" session (Section 1.3.2.2) at page 30. 
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Figure 1.2 Photo showing the front-look of the hypoxic chamber. The 3 main parts of the 
chamber area are circled and labeled. From left to right, that is, the gas-fluxing chamber, 
the working area and the hypoxic incubator. Inside the marked second circle, we can see 
the two black plastic sleeves, and the tubing connecting to vacuum pump. The whole 
chamber is airtight from the outside atmosphere when the doors from the gas-fluxing 
chamber (in the first circle) and the doors connecting the sleeves (in the second circle) are 
closed. 
•yib -K Im 
(a) (b) 
Figure 1.3 Photos showing (a) the gas-fluxing chamber. There is a window connecting 
the gas-fluxing chamber to the outside atmosphere; and another window connecting the 
gas-fluxing chamber to the working area of the chamber, (b) the 37°C hypoxic incubator 
with the door orientated inside the working area. 
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1.1.3 Reoxygenation 
Reoxygenation means re-supplying of oxygen after hypoxic condition (Tannock, 1982). 
In in vivo model, sporactic constriction of tumor blood vessels may cause impulsive 
hypoxia to cancer cells and was followed with replenishment of oxygen (Veir et al., 
1995). These cancer cells might have different survival properties and characteristics to 
those under prolonged hypoxia, such as radiation and drug sensitivity (Yung, 1998; 
Vaupel, et al., 2001; Cai and Jones, 1998). These areas make reoxygenation an 
interesting micro environment to be studied. 
Studies showed that D N A synthesis is in a highly synchronous manner within 1.5 hours 
to 2 hour after reoxygenation (Amellem and Pettersen, 1993). And D N A synthesis under 
hypoxia is delayed but progressed to S phase after reoxygenation. It suggests that cells 
are able to restore its proliferation upon reoxygenation, but they also must encounter 
physiology changes. 
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1.1.4 Acidic Environment 
The environment of solid tumor is more acidic than normal tissue and the cancer cells are 
more adapted to low pH values. Clinically, various cancer types such as liver cancer, 
pancreatic tumor and breast cancer (Gerweck and Seethearaman, 1996) are found to have 
lowered pH values at the intratumoral session, The acidity of tumor microenvironment 
depends on cancer types and the value varies to quite a large range. Lowered oxygen 
level will alter the pH value of the tumor environment. Besides, the accumulation of 
waste metabolites from cancer cells and the deficiency of nutrients supply may also upset 
the balance of the pH level (Brand and Hermfisse, 1997). 
Cells rely on optimum pH to function normally and it is also true for cancer cells. 
Altering pH value greatly change the cell physiology and it is found that cells are very 
vulnerable under sub-optimum pH. Studies showed that apoptotic cell death occurred at 
intracellular pH values within the range from 6.5 to 7.2, depending on cell types 
(Solov'eva el al, 1998). Decrease of cell growth and increase of cell death can take place 
with pH alteration. pH is critical to the regulation of gene in hypoxia (John, et al., 1996). 
Therefore, an acidic environment is an area of interest to investigate the impact to cancer 
cells. Here, the tolerance of our cell lines, A431 and SiHa at different pH range would be 
investigated. 
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1.1.5 Glucose Depletion 
The viability of cells depends on the orderly utilization of its nutrients, primarily glucose 
and fatty acids, in concert with oxygen. When the availability of glucose and oxygen are 
adequate, glycolysis provides pyruvate, which is then processed by the oxygen-dependent 
Krebs cycle, generating generous amounts of the cell's metabolic currency, ATP. 
Large tumors are characterized by low oxygen and glucose supply but high glucose and 
oxygen utilization rate (Eigenbrodt, et al., 1998). The conversion of glucose to glycine, 
alanine, glutamate, glutamine, and proline reaches high values and the amino acids are 
released. Studies found that pyruvate kinase increases with tumor weight and is positively 
correlated with an increase in glucose and oxygen utilization (Eigenbrodt et al., 1998). 
Since the tumor cells are under insufficient blood vessel supply, in addition to hypoxia, 
they are also under nutrient deficiency (Eigenbrodt, et al., 1998; Zheng, et al, 1997). The 
rapid growing cancer cells rely on glucose as the main energy source yet have to suffer 
from insufficiency. Therefore it is wondered how the tumor cells react under glucose 
depletion condition. 
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1.1.6 Irradiation 
Poor tumor oxygenation is a well-recognized feature related to radio-resistance. Since the 
vascular density is linked to the availability of oxygen and drugs to the tumoural stroma, 
poor density should be a potent marker of reduced blood perfusion and, therefore, 
hypoxia and low drug intratumoural concentration. On the other hand, high vascular 
density and angiogenic ability of cancer is not synonymous with high blood flow since 
the geometry of the vascular/epithelial component distribution, vascular collapse due to 
increased interstitial blood pressure, or non-functional vasculature due to an immature 
structure of the vessels, these situations may not allow the establishment of an adequate 
blood flow, which results in tissue hypoxia which in turns affect radiotherapy 
(Koukourakis 2001). 
Radiotherapy is one of the common therapies to solid tumor. Since the solid tumor mass 
is not under homogenesis environment, different parts of the tumor may subject to 
different extent of killing by irradiation treatment. Studies show that hypoxic tumors have 
a less successful rate in radiation treatment (Fyles, et al., 1998; Braunschweiger, et al., 
1996). It is interest to know if our cell lines also follow the above observations. W e 
would like to combine the effect of hypoxia and radiation on A431 cell and SiHa cells. 
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1.2 Objectives 
Clinically it is found that at least one stress condition would be found in solid tumor, 
some may even subjected to several stresses at the same time. Hence in order to 
understand more about the effect of these micro environments towards cancer cells, 
investigations on the cells under different micro environments would be done to verify the 
biological characteristics of human squamous carcinoma cells under different 
microenvironments, including hypoxia, reoxygenation, acidic pH and glucose depletion 
conditions. The cells were treated under the environments as stated above and the 
proliferation profile, apoptosis, and basal protein phosphorylation expression levels were 
analyzed. 
Understanding the behaviors of cancer cells helps to predict the survival of cancers under 
stresses conditions, and also the effectiveness if posing those stresses conditions on solid 
tumor clinically. 
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1.3 Materials and Methods 
1.3.1 Materials 
Chemicals Company 
• lOX Trypsin with E D T A Gibco/ Life Tech, Ltd 
• 3-[4,5-Dimethylthiazol-2-yl]-2,5- Sigma 
diphenyl-
• tetrazolium bormide )MTT) 
• Acrylamide BIORAD 
參 Agarose Gibco/ Life Tech, Ltd 
參 Ammonium persulphate Sigma 
參 Aprotinin Boehringer Mannheim 
• B C A protein assay Molecular Research centre 
參 BCP Sigma 
參 Calcium chloride 、 Sigma 
參 Chloroform B D H laboratory suppliess 
• Diethyl pyrocarbonate (DEPC) USB 
參 Dulbecco’s Modified Eagles's mdium Gibco/ Life Tech, Ltd 
(DMEM) 
• ECL Western blotting detection reagents Amersham 
參 Epidermal growth factor Santa Cruz 
參 Ehanol B D H laboratory supplies 
• Ethidium bromide Sigma 
參 Ethylenediaminetetraacetic acid (EDTA) USB 
• Fetal bovine serum Gico/ Life Tech, Ltd 
• Glycine Gibco/ Life Tech, Ltd 
• High range and low range protein marker BIORAD 
參 Isoamyl alcohol Sigma 
• Isopropanol B D H laboratory supplies 
參 L-glutamie Gibco/ Life Tech, Ltd 
• Methanol B D H laboratory supplies 
參 N,N,N’ ,N，-tetramethylethylenediamine BIORAD 
(TEMED) 
• Phenol USB 
參 Phosphate buffered saline (PBS) Gibco/ Life Tech, Ltd 
• RNase A Sigma 
參 Sodium acetate Sigma 
• Sodium chloride USB 
• Sodium dodecyl sulfate (SDS) Gibco/ Life Tech, Ltd 
參 Thimersol Sigma 
參 Tirs-base USB 
• Tirs-HCL Gibco/ Life Tech, Ltd 
參 Triton X-100 Boehringer Mannheim 
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Antibodies Company 
• Anti-Raf Santa Cruz 
• Anti EGFR Santa Cruz 
參 PY-99 Santa Cruz 
參 Horseradish peroxidase conjugated Amarsham 
antibody (anti-mouse) 
Culture wares Company 
• 25cm^, 15ovci and 150cm^ culture flask Coming/ Falcon 
• 60mm and 100 m m culture dish Coming/ Falcon 
• 96-well flat-bottom culture plate Coming/ Falcon 
Instruments Company 
~ • ~ ^ m b e r gas (10% CO2 +90% Hong Kong Special Gas 
N2) 
• FACSORT flow cytometer Becton Dickinson 
• Film cassette Kodak 
• Hypoxic Chamber SHEL LAB Sheldon Manufacturing, Inc 
• Immnobilon-P transfer Millipore 
membrane 
參 Mini-PROTEAN® II BIORAD 
electrophoresis apparatus 
• Thick blotter paper Falcon 
• U V transilluminator UVP 
• X-ray film Kodak/ Fuji 
The Chinese University of Hong Kong 28 
Characteristics of Cells Under Different Tumor Microeiwiroiimeiital Conditions 
1.3.2 Methods 
The following describes the details of how each environment was posed onto the cells 
and the experimental methods that the analysis was carried out. 
1.3.2.1 Cell Lines 
The cell lines in the research are A431 cells and SiHa cells. They are of human origin, 
and both of them grow by adherent to the bottom of culture wares. 
A431 is squamous carcinoma cells from vaginal, derived from an 85-year-old female, 
and is one of a series of cell lines established from solid tumors. 
SiHa is squamous carcinoma cells from the vulva. This line was established from 
fragments of a primary tissue sample obtained after surgery from a Japanese patient 
aged 55. 
The cell lines were cultured in Dulbecco modified Eagle's medium (DMEM) with 10% 
fetal bovine serum and 2 m M L-glutamine (Life Technologies Inc., USA) under 37°C 
incubator. The cells were cultured and seeded for two days under normal condition 
before any treatments or experiments. The seeding density for A431 cell in 60mm and 
100mm culture dishes was 2X10^ and 4.5X10^ respectively. That for SiHa cell was 2.5 
XIO^ and 5.5 XIO^ respectively. 
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1.3.2.2 The Working Procedure for the Hypoxic Chamber 
The hypoxic chamber was connected to an A/C socket. When the chamber was turned on, 
the temperature was adjusted to keep steady at 37°C so that the whole parts and areas 
within the chamber were consistent at that temperature, including the hypoxic incubator. 
The vacuum pump was at ready state when the chamber's main switch was "on". The 
vacuum pump can be activated when the user press the "brake" by foot. The "brake" was 
located below the chamber working area and placed on the floor. The vacuum pump was 
used to remove atmospheric air from the gas-fluxing chamber of the hypoxic chamber, 
and from the plastic sleeves connecting to the working area of the chamber. The gas 
tubing connected the whole part of the chamber to its gas supply (10%C02+90%N2) from 
Hong Kong Special Gas Company. The gas supply to the hypoxic chamber was 
abbreviated as "chamber gas" in this thesis. In our aerobic incubator, the percentage of 
CO2 was 10%, the bicarbonate buffering system in our D M E M medium would give 
optimum culture conditions for our cell lines under 10% of CO2. Therefore, to keep the 
acidity of medium in the hypoxic incubator, the percentage of CO2 in the chamber gas 
was need to be the same with the CO2 concentration supplying to the aerobic incubator. 
The first time to turn on the chamber, the whole chamber was fluxed with chamber gas 
for 2 hours. This allowed the chamber to fill up with chamber gas, replacing the 
atmospheric air. And the temperature was allowed to rise to up to 37°C and the 
thermostat of the chamber would keep the temperature constant. A thermometer was 
placed inside the hypoxic incubator of the chamber to monitor the temperature of the 
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incubating environment. After the environment and temperature of the chamber were 
steady, it was ready for use. 
To incubate cells under hypoxia, the cells were cultured in dishes or flasks and allowed to 
grow under normal conditions (or called aerobic environment) for two days in 37°C 
aerobic incubator. Then the cells were ready to be placed into the hypoxic chamber. 
Firstly the cells in culture dish / flask were put into the gas-fluxing chamber of the 
hypoxic chamber. For the flask, it was make sure that the cap was loosened. In this 
chamber, the atmospheric gas was removed by vacuum pump and then refilled with the 
chamber gas. This process was repeated three times. The repeat "washing" by chamber 
gas ensure the removal of oxygen gas in the atmospheric air. After the cells were washed 
by the chamber gas, they were ready to be put into the working area and then to the 
chamber incubator. At the same time when the cells were being washed, the operator's 
arms and hands were inserted into the sleeves connecting to the chamber. The air inside 
the sleeves was also removed by vacuum pump by pressing the "brake" on the floor 
There was another "brake" that allow user to release chamber gas into the sleeves by a 
plastic tubing connected the sleeves to the chamber gas supply. User's arms and hands 
were fluxed with chamber gas by three times inside the plastic sleeves (Figure 1.4). After 
that, the window connecting the sleeves to the working area could be opened and the user 
could put arms and hands into the working area of the chamber. Putting hands into the 
working was necessary to transfer the culture dishes/ flasks to the hypoxic incubator from 
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the gas-fluxing chamber. The operator opened the window connecting the gas-fluxing 
chamber to the working area, putting the cells into the working area or directly into the 
chamber incubator (Figure 1.4). Since there was no atmospheric oxygen in the gas-
fluxing chamber, opening the window connecting the gas-fluxing chamber to the center 
working area of the chamber would not contaminate the chamber's hypoxic condition. 
After the cells were located into the chamber incubator (37°C) with the incubator door 
closed, the operator's hands could leave the chamber by closing the sleeves windows. 
Withdrawing hands from the sleeves ended the whole process of putting cells into the 
hypoxic chamber was finished. 
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Figure 1.4 The schematic and simplified diagram showing the process of putting 
materials into the hypoxic chamber. The users hands enter to the working area of the 
hypoxic chamber through the sleeves. For more clear illustration, two parts (the gas-
fluxing chamber and the hypoxic incubator 37°C) are not shown is this drawing. 
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1.3.2.3 Aerobic, Hypoxic and Reoxygenated Conditions 
For aerobic condition, the cells were cultured under normal practices. The cells were 
seeded for two days with normal medium ( D M E M with 10% fetal bovine serum and 
2 m M L-glutamine (Life Technologies Inc., USA)) in 37。C aerobic incubator before 
analysis. For hypoxia, the cells were cultured under normal condition (or called aerobic 
conditions) for two days, and then were placed into the hypoxic chamber for hypoxic 
incubation of different incubation time. Each time when cells or any apparatus, reagents 
or even a towel was to be placed into the hypoxic chamber, the process mentioned in 
session 1.3.2.2 “The Working Procedure for the Hypoxic Chamber" must be followed 
strictly. It is important to avoid any contamination of oxygen from the atmospheric air, 
otherwise, the whole chamber had to be re-fluxed with chamber gas for at least two hours 
before practical use. 
For reoxygenation, the cells were cultured for two days under aerobic conditions, and 
then incubated under hypoxia for 24 hours and then transferred back to aerobic incubator 
for 15 minutes. Reoxygenation allows the atmospheric oxygen to re-dissolve into the 
medium and diffuse to the cells. For example, a culture dish of cells was placed in 
hypoxic chamber incubator (37°C) for 24 hours and then removed from the hypoxic 
chamber, placing back to the aerobic incubator (37°C) for incubation. 
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To do this, the cells were put out from the hypoxic chamber incubator to the chamber 
working area, and then to the gas-fluxing chamber and finally outside. The reoxygenation 
time was subjected to different experimental designs. 
The Chinese University of Hong Kong 5 8 
Characteristics of Cells Under Different Tumor Microenviroiiniental Conditions 
1.3.2.4 Acidic Condition 
The acidic environment in this research was by incubating cells under acidic medium. 
The acidic medium was made up by D M E M with 10% fetal bovine serum and 2 m M L-
glutamine (Life Technologies Inc., USA), and adjusted to different pH values (pH 7.4 in 
the normal one; pH7.0, pH6.5, pH6.0) using 2N HCL. To change the medium, the normal 
medium was discarded from the dish, 10ml ofpre-warm acidic medium was used to wash 
the cells (in the case of 100mm culture dish), and then another 10ml of acidic medium 
was added to the dish and put the cell back into the 37°C normal incubator. 
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1.3.2.5 Glucose Depletion Condition 
Glucose depletion environment was achieved by incubating cells under glucose-free 
medium. The glucose-free medium was made up by glucose free D M E M (Gibco, Life 
Techs.) with 10% dialyzed fetal bovine serum and 2 m M L-glutamine (Life Technologies 
Inc., USA). The FBS was dialyzed to get rid of any glucose or sugar source. The cells 
were cultured in normal D M E M medium for two days before changing to glucose-
depleted medium. To change the medium, the normal medium was discarded from the 
dish, 10ml of pre-warm glucose-free medium was used to wash the cells (in the case of 
100mm culture dish), and then another 10ml of glucose-free medium was added to the 
dish and the cells were put back into the 37°C aerobic incubator. 
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1.3.2.6 Gamma-Irradiation 
lOGy of radiation was posed to cancer cells by the Gammacell ® 3000 Elan - Large 
Chamber Blood Irradiator. It took several minutes for the cell to be exposed to radiation. 
For hypoxic cells to be exposed to radiation, the cells had to be cultured in flasks, so that 
the cap could be tightened at the time when the flask was taken out from the hypoxic 
chamber for irradiation. After irradiation, the cells were placed back to their respective 
incubator. 
� 
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1.3.2.7 Analysis of the Growth Pattern by MTT Assay and Cell Counting 
The growth pattern of cells under hypoxia and reoxygenation were studied by cell 
counting method and M T T assay and the proliferation profile in cell number was done by 
cell counting method. 
Two sets of cells were cultured under normal condition for 2 days, and then one set was 
allowed to incubate under hypoxia. For every 24 hours, the number of cells from these 
V 
two sets was analyzed. The cells were harvested by trypsinization, and then washed and 
resuspened in cold D M E M medium, lOul of cell suspension was counted by using bright-
line Hemacytometer. 
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1.3.2.8 Cell Cycle Analysis 
Cell cycle arrest of A431 and SiHa under hypoxia, acidic pH and glucose free conditions 
was investigated. After treatment, the cells were harvested by trypsinization, washed with 
cold IX PBS and then fixed in 100% ethanol at 4°C overnight. Afterwards, cells were 
centrifuged to remove the ethanol and washed with cold IX PBS before suspending in the 
staining solution ( containing 0.1% Triton X-100，O.lmM E D T A in IX PBS with 
80ug/ml RNase A and 40ug/ml propidium iodide) at room temperature. The cells were 
stained for 30 minutes, with aluminum foil coverings since propidium iodide is light 
sensitive. Cell cycle distribution was analysed by the FACSort ⑧ flow cytometer using 
FL2-H bandpass filter for the propidium iodide detection. 
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1.3.2.9 Western Blot Analysis 
The general protein tyrosine phosphorylation patterns of A431 and SiHa under hypoxia 
were studied by Western Blot Analysis. 40ug of SiHa protein and 25ug of A431 proteins 
were resolved in 8% polyacrylamide gel electrophoresis with high range molecular 
marker (BIORAD).The resolving gel was prepared by freshly mixing TEMED, 0.05% 
ammonium persulphate in IX lower gel buffer or upper gel buffer for the stacking gel. 
The gel was set in the Mini-PROTEAN ⑧ gel electrophoresis apparatus. 
All the protein samples were diluted by IX SDS sample buffer to the same final protein 
concentration before loading. This was done by constructing a protein standard. The 
protein samples were loaded onto the gel and run in IX SDS miming buffer (containing 
0.1% SDS, 2 5 m M Tirs-base, 0.19M glycine at pH6.8) at 200V for 40 minutes. The high 
range protein standards marker from BIORAD are prestained. 
Protein transfer was done by using TransBlot ⑧ SD Semi-Dry Transfer Cell at 15V for 30 
minutes. The proteins in the resolved gel was blotted to Immobilon-P membrane with 
blotter papers and the blotted membrane was let dry and kept for antibody probing. 
Immunobloting was carried out by soaking the membrane with 5% non-fat milk 
overnight at 4。C. The membrane was then washed with IXPBS with 0.1% Tween 20 for 
ISminutes 3 times. The membrane was then incubated with the corresponding primary 
antibody for two hours with rocking. The unbound primary antibody was washed by PBS 
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Tween20 thoroughly and then the membrane was incubated with the corresponding 
secondary antibody conjugated with horseradish peroxidase. Afterwards, the signal was 
detected by enhanced chemiluminescence (ECL) system for 1 minute. The membrane 
was then exposed to X-ray film inside cassette for seconds to days, depending on the 
intensity of the signal. Film was developed to observe the protein phosphorylation 
profile. 
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1.3.2.10 DNA Fragmentation Analysis 
Hypoxia is a physiological stress commonly found in developing solid tumors of diverse 
origins (Vaupel and Hockel, 1995). Apoptosis is a genetically encoded program of cell 
death that can be activated under physiological conditions (Bellamy, et al.’ 1995; 
Thompson, 1995) and may be an important safeguard against tumor development 
(Harrington, et al., 1994; Wyllie, 1995). 
The apoptosis patterns of A431 and SiHa under different environments were studied by 
D N A fragmentation experiments. The cells were washed with IX PBS and then harvested 
by trypsinization. The harvested cells were washed by IX PBS and centrifuged to collect 
the cell pallete. The cells were lysed by lysis buffer. The lysis buffer was freshly prepared 
(containing 5 m M Tris-HCL, lOOmM EDTA, 1% SDS and proteinase K in ddHsO). The 
cells with lysis buffer were incubated in water bath overnight at 37°C. R N A in the 
samples was removed by RNase A. The D N A was extracted by phenol chloroform and 
was precipitated by 100% ethanol and dissolved in TE buffer. The concentration of the 
D N A was quantified by OD260. 50ug of D N A with 6X loading dye was loaded to 1% 
agarose gel with ethidium bromide. The ladder pattern can be visualized under U V box. 
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1.4Results 
1.4.1 Cell Proliferation Profile by Cell Counting Method and MTT Assay 
1.4.1.1 Proliferation of cells under hypoxia 
Under hypoxia, the proliferation of cells in terms of cell number of both A431 cells and 
SiHa cells were found to be suppressed as shown in Figure 1.5 and Figure 1.6 . However 
their growth did not stopped. The cells grew very slowly in the first 7 days. This may be 
due to the short-term adaptation of the cells to the hypoxic environment. Under the short-
term lack of oxygen, the cells were able to adapt to the situation by physiologically 
changes, such as increasing the ATP production and the glucose uptake from the cell 
surface membrane. The adaptation measures could be effective for single layer cell 
culture, because the diffusion and uptake of glucose, amino acids from medium are easy. 
When comparing the growing profile of cells under aerobic, hypoxic and reoxygenation 
conditions by M T T assay (Figure 1.7 and Figure 1.8), it is clear that hypoxia suppressed 
the proliferation rate of A431 by 30% of that under aerobic condition, and by about 20% 
in the case of SiHa after 5 days of hypoxia. Data from Figure 1.5 and Figure 1.6 showed 
that the growth of A431 and SiHa under hypoxia after 5 days (day 7 as the first two day 
was under aerobic incubation) is about 50% of that under aerobic condition in both cell 
lines. That means the growth of these two cell line appears to be more inhibited under 
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hypoxia as studied by M T T assay. As both studies were carried out for more then 5 times, 
and generally each experiment showed the same outcome, one possible explanation for 
this observation might be due to the difference in growth environment. For culture in 
100mm dish, the seeding number for both cell line was 1X10^ that means the density was 
1000 cells per mm^. On the other hand, the seeding number for A431 cell and SiHa cell in 
96-well plate in M T T assay was 800 cells and 1000 cells respectively, that means the 
density was 800 cells per mm^ and 1000 cells per m m � respectively. Although the 
original seeding density for cell counting experiment in culture dish and for M T T assay 
were roughly the same, however, the actual growth environment were different because 
in general, the total area for culture was bigger in the culture dish, the rate of gas and 
nutrients diffusion, the percentage of cells that subjected to both bottom and culture 
wall's contact were also different in both assays. 
Furthermore, cell counting method measured the actual number of cells while M T T assay 
relies on the normal functioning of mitochondria to form insoluble formazan product, 
under hypoxia, the functioning of mitochondria must have physiological changes even 
with the same number of cells, these factors account for the variation of growth properties 
in A431 cells and SiHa cells as studied by two different methotds. 
Reoxygenation for 4 days after 24 hour of hypoxia indicates that the cells are able to 
proliferate after subjected to one day of hypoxia, and the viability is about 70% of that at 
aerobic condition. One reason of the reduction in cell growth in reoxygenation is related 
to the inhibition in the proliferation during the 24 hours of hypoxia incubation. During 
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this period, the cells are unable to proliferate or at a very slow rate of cell growth. After 
reoxygenation, it takes times for the cells to adapt to the aerobic condition and restore to 
the normal growth rate. 
Studies on the leukaemic cells during the progression of acute myeloid leukaemia from 
rats also found that increased cellular hypoxia leads to reduced proliferation. These 
findings suggest that in contrast to normal cells, some of the leukaemic cells can 
proliferate even during hypoxia, and this subpopulation may consequently renew and 
� 
expand the leukaemic cell load (Jensen et al., 2000). Our cancer cell lines also showed 
proliferation under acute hypoxia. This might suggest that tumor cells, compared to 
normal cells, are less prone to inhibition by hypoxia in their growth and adaptation. 
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Figure 1.5 Growth curve of A431 cells under aerobic condition and hypoxia. The 
cells were seeded at the initial density of 1X10^ on 100mm dish. It was cultured 
under normal aerobic condition for the first two days and then under hypoxic 
incubator for the next 6 days for the hypoxia set. Every 24 hours, cells were 
harvested by trypsinization and then the cell number was counted by cell 
hemacytometer. The experiment was repeated for five times and all showed 
consistent trend of result. The error bar was derived from the standard deviation 
from 5 sets of experiments. 
• 二 aerobic • = hypoxia 
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Figure 1.6 Growth curve of SiHa cells under aerobic condition and hypoxia. The 
cells were seeded at the initial density of 1X10^ in 100mm dish. For the hypoxia set, 
it was cultured under normal aerobic condition for the first two days and then under 
hypoxic incubator for the next 6 days. Every 24 hours, cells were harvested by 
trypsinization and then the cell number was counted by cell hemacytometer. The 
experiment was repeated for five times and all showed consistent trend of result. The 
error bar was derived from the standard deviation from 5 sets of experiments. 
• = aerobic • = hypoxia 
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Figure 1.7 M T T Assay for A431 cells under aerobic condition (A), hypoxia (N) and 
reoxygenation (R). Cells were cultured under aerobic condition for two days before 
hypoxic incubation for 5 days in the hypoxia set. For reoxygenation, the cells were 
seeded under aerobic condition for 2 days and then were subjected to 24 hours 
hypoxia followed by 4 days reoxygenation in aerobic incubator. The experiment was 
repeated for eight times and all showed similar result. The error bar was derived 
from the standard deviation from eight sets of experiments. 
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Figure 1.8 M T T Assay for SiHa cells under aerobic condition (A), hypoxia (N) and 
reoxygenation (R). Cells were cultured under aerobic condition for two days before 
hypoxic incubation for 5 days in the hypoxia set. For reoxygenation, the cells were 
seeded under aerobic condition for 2 days and then were subjected to 24 hours 
hypoxia followed by 4 days reoxygenation in aerobic incubator. The experiment was 
repeated for eight times and all showed similar result. The error bar was derived 
from the standard deviation from eight sets of experiments. 
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1.4.1.2 Proliferation of cells under acidic pH environments 
Cells rely on its optimum pH to be function normally and the case is also true for cancer 
cells (Gerweck and Seethearaman, 1996; John, et al., 1996). Altering pH value greatly 
changed physiology of cells. It is obvious that under pH values of less then pH7.4 
(Figure 1.9 and Figure 1.10)，and under glucose free medium (Figure 1.11), the viability 
of cells decreased rapidly. 
Cells are under very constant and homeostatic environment to sustain their life and 
proliferate. If the environment is too harsh and their physiological remedies cannot 
overcome the stress conditions, they cease. Studies showed that in most cells, the 
maximum specific growth rate was observed over the range pH 7.3 to 7.5 and maximum 
viable cell number was seen at pH 7.3. It was also observed that glucose consumption 
increased with increasing pH (Osman et al., 2001). 
In our study, we found that at pH 6.5, the average survival rate of A431 cells and SiHa 
cells is about 50%. When the pH value drops further to pH 6.0, the survival rate greatly 
drops to less than 20%. These data are consistent with the findings that apoptotic cell 
death occurred at various intracellular pH values within the range from 6.5 to 7.2 
(Solov'eva et al., 1988). At too harsh acidic environments, the cell is killed not by 
apoptosis, but die due to numerous destruction like membrane lyses, enzymes 
degradations etc. 
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The acidic medium was made up by D M E M by adding HCl to adjust pH, one drawback 
in this acidic medium is that the bicarbonate buffer systems requires quite a large amount 
of HCl to lower the pH to pH6.5 and pH6.0，we might assume that this would make the 
medium hypotonic, leading to swelling of the cells. However, under light microscope, 
this situation did not happen. In order to get rid of this undesirable assumption, 
alternative medium such as medium with M O P S would be an alternative, for example 
Hippea maritima medium containing 3.0g MOPS, Wolfe's Mineral Solution and Wolfe's 
Vitamins Solution, and the pH can be adjusted down to pH6.0 by addition of sulfide 
(Na2S-9H20). 
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Figure 1.9 M T T Assay for A431 cells under different pH medium. Cells were 
cultured in 96-well plates and incubated under aerobic condition for two days using 
normal medium of pH7.4. Afterwards, medium was removed, and cells were then 
replenished with fresh pre-warmed medium at different pH values and incubated at 
37°C incubator for further 5 days. The experiment was repeated for five times and 
all showed similar and consistent results. The error bar was derived from the 
standard deviation from these five sets of experiments. 
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Figure 1.10 M T T A s s a y for S iHa cells unde r d i f fe ren t p H m e d i u m . Cel ls w e r e 
cul tured in 96-wel l p la tes and incuba ted unde r aerobic condi t ion for t w o days us ing 
n o r m a l m e d i u m of pH7 .4 . Af t e rwards , m e d i u m w a s r e m o v e d , and cel ls w e r e then 
rep len i shed w i t h fresh p r e - w a r m e d m e d i u m at d i f fe ren t p H va lues and incuba ted at 
37°C incubator fo r fu r the r 5 days. T h e exper imen t w a s repea ted fo r f ive t imes and 
all s h o w e d s imilar and consis tent results . T h e error ba r w a s der ived f r o m the 
s tandard devia t ion f r o m f ive sets of exper iments . 
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1.4.1.3 Proliferation of cells under glucose depleted environment 
Large tumors are characterized by low oxygen and glucose supply but a high glucose and 
oxygen utilization rate. Tumor weight is positively correlated with an increase in glucose 
and oxygen utilization (Eigenbrodt, et al., 1998). Nutrients such as glucose regulate the 
expression of genes that are involved in plasma membrane transport, metabolic functions, 
and protein trafficking in the endoplasmic reticulum. Depletion of nutrients results in 
cellular stress, which evokes adaptive and protective responses. However, total depletion 
of glucose for days is death threatening for cells, leading to cell death. In this case 
protective measures may not rescue the cells (Chang, et al., 2002). Our experimental 
results showed that under 24 hours incubation with glucose-free medium, cell viability 
dropped to 75% to 64% in A431 cells and SiHa cells respectively. These results show 
that our cell lines are very reliable on glucose to survive and if glucose is restricted to the 
cancer, the growth of the tumor would greatly inhibited. 
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Figure 1.11 Viability of cells after 24 hours incubation under glucose free medium. 
Cells were cultured under normal medium for 2 days. Afterwards, the cells were 
washed once with pre-warmed glucose-free medium. Followed by addition of pre-
warmed glucose-free medium and incubation for further 24 hours. The experiment 
was repeated for 3 times and all showed similar and consistent results. The error bar 
was derived from the standard deviation from three sets of experiments. 
Cell Type: 1 = A431 cell, 2 = SiHa cell 
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1.4.2 Distribution of cell cycles under different microenvironments 
Cell cycle distribution of cells under hypoxia, acidic pH 6.5 and glucose depleted 
condition were studied using flow cytometry. (Figure 1.12 and Figure 1.13) The cell 
cycle arrest in both A431 cells and SiHa cells were not occurred up to 72 hours of 
hypoxic incubation. However, in A431, apoptosis was observed after 72 hours after 
hypoxia, but no signs of apoptosis after 24 hours and 48 hours of hypoxia. For SiHa cells, 
no apoptosis was observed but the cells that arrest in GO/Gl phase reduced in number as 
longer incubation time under hypoxia. But there showed no increase in the number of 
cells that entering the S phase (synthesis phase) or the G2 phase, so that the cells might 
be death and cannot be detected. In the case of acidic pH and glucose depletion 
conditions, both cell lines showed a reduced number of cells arrested at GO/Gl phase and 
there were no significant change in other phases, the cell did not enter the S phase nor 
promoted to the mitotic phase. The results might imply that that A431 and SiHa are both 
prone to killing by acidity and cannot progress in cell cycle without glucose. 
No accumulation of D N A was found to take place during hypoxia. Cells initially in G1 at 
the onset of treatment did not enter S during up to 72 hours exposure to hypoxia. The 
duration of S phase seemed not to be affected by the hypoxic treatment. This suggests 
that the D N A synthesizing machinery remains intact during hypoxia. 
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Figure 1.12 Cell Cycle distributions of A431 cells under hypoxia, acidic pH medium and 
glucose depleted environment. All the cells were cultured under normal / aerobic 
environments for two days before treatment. Afterwards, for the hypoxia set, cells were 
placed into the hypoxic incubator, the cells were fixed every 24 hours under hypoxia; for 
the acidic pH set, the cells were washed with acidic medium (pH 6.5) and then incubated 
with acidic (pH6.5) for different incubation time before cell fixing; for glucose depletion 
set, the cells were washed with glucose free medium and incubated with glucose free 
medium for different incubation time before fixing cells with alcohol. The experiments 
were repeated for three times and all showed similar results. 
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Figure 1.13 Cell Cycle distributions of SiHa cells under hypoxia, acidic pH medium and 
glucose depleted environment. All the cells were cultured under normal / aerobic 
environments for two days before treatment. Afterwards, for the hypoxia set, cells were 
placed into the hypoxic incubator, the cells were fixed every 24 hours under hypoxia; for 
the acidic pH set, the cells were washed with acidic medium (pH 6.5) and then incubated 
with acidic (pH6.5) for different incubation time before cell fixing; for glucose depletion 
set, the cells were washed with glucose free medium and incubated with glucose free 
medium for different incubation time before fixing cells with alcohol. The experiments 
were repeated for three times and all showed similar results. 
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1.4.3 General Protein Expression Pattern by Western Blot Analysis 
Phosphorylation of protein amino acid residues is a common mean by which intracellular 
signal transduction takes action. These signals eventually transduced into the nucleus to 
alter the gene transcription and hence cell physiology. 
Under low-oxygen conditions, cells develop an adaptive program that leads to the 
\ 
induction of several genes, which are transcriptionally regulated by hypoxia-inducible 
factor 1 (HIF-1). On the other hand, there are other factors which modulate the HIF-1-
mediated induction of some genes. One example is c-Jun which is induced by hypoxia 
(Alfranca, et al., 2002). Other stress proteins like AKT, B A D and an MEKl-dependent 
phosphorylation of extracellular signal-regulated kinase such as ERKl and ERK2, and 
also many other protein phosphatases (Mehrhof, et al., 2001). The pattern in which these 
protein enzymes and the phosphorylation cascades that launched under hypoxia was 
investigated. 
The general protein tyrosine phosphorylation pattern was detected by PY-99 antibody 
(Santa Cruz), and the secondary antibody used was anti-mouse antibody (Amarsham). 
Figure 1.14 showed that the pattern of general protein tyrosine phosphorylation level was 
suppressed under 24 hours hypoxic conditions in both cell lines. Upon reoxygenation for 
15 minutes, the phosphorylation level is shown to be restored to a level comparatively to 
the control one. The result show that protein tyrosine phosphorylation in A431 and SiHa 
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cells is sensitive to oxygen level and is rapidly reactive to reoxygenation. This indicates 
the cells hypoxic signaling pathways involve the role of protein tyrosine phosphorylation 
and those proteins and enzymes that bear tyrosine residues would be altered in the 
activity under hypoxia, and are sensitive to the cellular oxygen level. 
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Figure 1.14 The basal protein tyrosine phosphorylation level under aerobic (C), 
hypoxic (N) and reoxygenated (R) conditions in A431 cells and SiHa cells. Nine 
sets of repeated experiments were carried out and six of nine give similar results, 
m.w. 二 molecular weight of the protein marker 
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1.4.4 Detection of Apoptosis by DNA Fragmentation Assay 
Hypoxia is supposed to be one of the apoptotic inducers for cancer cells (Graeber, et al., 
1996). However D N A fragmentation was not observed in A431 cell and SiHa cell. As 
shown in Figure 1.15 and Figure 1.16, hypoxia for up to 72 hours apparently showed no 
signs of inducing apoptosis in A431 cells and SiHa cells. On the other hand, the cell 
cycle study shows that in A431 cells, apoptosis did start to occur after 72 hours of 
hypoxia, but not 24 hours and 48 hours. However, the ladder pattern of D N A did not 
appear during gel electrophoresis. D N A fragmentation assay is a very apparent and 
general study to investigate the cell death. Only cells with entering the programmed cell 
death pathway with intense breakdown of the D N A would show a clear result on the 
agarose gel. However the cell cycle study by flow cytometry is a more detail study on the 
cellular events of the cells, slight change in the cell cycle can be detected. It is believed 
that A431 cells do start to undergo some extent of apoptosis after 72 hours of hypoxic 
incubation, despite its slight increase in cell number. On the whole, we might speculate 
that those non-apoptotic cells did continue to proliferate while those that are vulnerable 
under hypoxia undergo apoptosis. 
Under the short-term lack of oxygen, the cells are able to adapt to the situation by 
physiological changes, such as increasing the ATP production and the glucose uptake 
from the cell surface membrane. The adaptation measures could be effective for single 
layer cell culture, because the diffusion and uptake of glucose, amino acids from medium 
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are easy. This might be one reason why cell can still proliferate and does not show signs 
of apoptosis in A431 cells and SiHa cells. 
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Figure 1.15 D N A fragmentation experiment of A431 cells under various 
hypoxic incubation time. 50ng of D N A sample was loaded on a 1% agarose 
gel with ethidium bromide and was visualized under U V light. For each time 
point, one sample was obtained under aerobic condition while the others 
from hypoxic condition, that is, 24C=24hours incubation under aerobic 
environment, 24N=24hours incubation under hypoxia. The experiment was 
repeated for four times and all showed consistent results. M=100bp marker. 
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Figure 1.16 D N A fragmentation experiment of SiHa cells under various 
hypoxic incubation time. 50ng of D N A sample was loaded on a 1% 
agarose gel with ethidium bromide and was visualized under U V light. For 
each time point, one sample was obtained under aerobic condition while 
the others from hypoxic condition, that is, 24C=24hours incubation under 
aerobic environment, 24N=24hours incubation under hypoxia. The 
experiment was repeated for four times and all showed consistent results. 
M^lOObp marker. 
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Unlike hypoxia, apoptosis was detected obviously in both cell lines when incubated at pH 
6.5 or in glucose-depleted conditions (Figure 1.17 for A431, Figure 1.18 for SiHa). 
In D N A fragmentation experiments, apoptosis was detected obviously in both cell lines in 
glucose-depleted condition for 24 hours. Apoptosis is a genetically encoded program of 
cell death that can be activated under physiological conditions (Bellamy, et al., 1995; 
Thompson, 1995) and may be an important safeguard against tumor development 
(Harrington, et al., 1994; Wyllie, 1995). Under glucose deficiency, the cells were unable 
to sustain their physiological metabolism needs and were arrested to death. Also, our cell 
lines A431 and SiHa were not able to tolerate pH6.5 acidity and therefore were prone to 
commit cell suicide. The results indicated that both cell lines are vulnerable under 
glucose and pH stresses. Therefore, it might convey that manipulations of the 
microenvironmental pH value and restriction of glucose supply would be an effective 
approach in cancer killing. 
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Figure 1.17 D N A fragmentation experiment of A431 cells under acidic 
condition and glucose-depleted conditions from 24 hours to 48 hours. 50ng of 
D N A sample was loaded on a 1% agarose gel with ethidium bromide and was 
visualized under U V light. 24C=24 hours incubation with normal medium, 
24h=24 hours incubation using acidic medium / glucose free medium. The 
experiment was repeated for three times and all showed consistent results. 
M=100bp marker. 
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Figure 1.18 D N A fragmentation experiment of SiHa cells under acidic and 
glucose-depleted conditions. 50ng of D N A sample was load on a 1% agarose 
gel with ethidium bromide and was visualized under U V light. 24C=24 hours 
incubation with normal medium, 24h=24 hours incubation using acidic medium 
/ glucose free medium. The experiment was repeated for thress times and all 
showed consistent results. M=100bp marker. 
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As mentioned before, radiotherapy is one of the common therapies to solid tumor. Since 
the solid tumor mass is not under homogenesis environment, different parts of the tumor 
may subjected to different extent of killing by irradiation treatment. Studies show that 
hypoxic tumors have a less successful rate in radiation treatment (Fyles，et al., 1998; 
Braunschweiger, et al., 1996). Besides, the presence of radiation resistant cells in solid 
human tumors is believed to be a major reason why radiotherapy fails to eradicate some 
such neoplasms. The presence of unperfused regions containing hypoxic cells may also 
contribute to resistance to some chemotherapeutic agents (Moulder and Rockwell, 1987). 
The radiation caused D N A damage was supposed to be less in the hypoxic treated cells 
(Chuanyu and Robert, 2002). It is because under hypoxia, there is less amount of oxygen 
to produce reactive oxygen species that are damaging to DNA. 
lOGy irradiation can induce apoptosis in A431 cell and SiHa cell as shown in Figure 
1.19. 
Under aerobic conditions, apoptosis was observed 24 hours after lOGy irradiation in 
A431 cells and SiHa cells. Although it is supposed that the extent of D N A fragmentation 
induced by radiation would be less under hypoxia, our findings showed that the extent of 
radiation induced D N A fragmentation had no obvious difference when the cells were 
pretreated under aerobic and hypoxic environments (Figure 1.20). No reduction in the 
fragmentation pattern in hypoxic irradiated cells. 
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Figure 1.19 D N A fragmentation assay for A431 cells and SiHa cells after lOGy 
irradiation under aerobic condition. The cells were cultured under aerobic 
conditions for two days before irradiation. C=control under aerobic condition, 
24h=24 hours aerobic incubation after irradiation. The experiment was carried out 
for three times and all gave the same result. 
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Figure 1.20 D N A fragmentation assay for A431 cells and SiHa cells after lOGy 
of radiation under hypoxia. The cells were cultured under aerobic conditions for 
two days and then were subjected to 24 hours hypoxia before irradiation. Samples 
were taken for analysis 24 hours and 48 hours under hypoxia after irradiation. 
24024 hours control under hypoxia, 24h =24 hours hypoxic incubation after 
irradiation. The experiment was carried out for five times and all gave similar 
result. 
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1.5 Discussions 
The therapeutic responses of malignant tumors depend on a number of factors associated 
with tumor microenvironments including the possibility that these microenvironments 
change during treatment. Tissue hypoxia in regions of solid tumors has been identified as 
a factor that may affect the behavior of cancer cells. Cells were isolated from hypoxic 
regions of transplanted murine tumors and tested for sensitivity to anticancer drugs and 
ability to form experimental metastases. The most hypoxic cells exhibited a metastatic 
efficiency that was generally twice that of cells from well-oxygenated regions. 
Furthermore, there are evidences that reoxygenated cancer cells have a high colonization 
ability and that these cells may be important in the formation of distant metastases 
(Young and Hill, 1990). 
In most of the well-developed solid tumor, cancer cells are subjected to different 
microenvironments due to the spatial distance from blood vessels supplying the tumor; 
i.e. they are exposed to different level of stress conditions. The most significant stresses 
are hypoxia, lowered pH value, and insufficient glucose supply. Some cells are under 
more than one stress. Looking into the biological characteristics of cancer cells under 
those harsh conditions reveals more information that may be useful in selecting therapy 
models. When we look into each stress separately, we find that hypoxia suppresses the 
proliferation of A431 cell and SiHa cell as indicated by the cell counting method and 
M T T Assay. However hypoxia apparently does not induce apoptosis in both cell lines for 
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up to 72hr hypoxic incubation. Other studies do show that hypoxia induces apoptosis in 
some other cell types. W e might propose that hypoxia provides a physiological selective 
pressure in tumors for the expansion of variants that have lost their apoptotic potential, or 
in some mutants, and thus might promote the clonal expansion of cells that acquire 
mutations in their apoptotic programs. At the same time, it seems that cancer cells are 
able to sustain their life under lack of oxygen for some days. But under the hypoxic 
period, the pattern of protein tyrosine phosphorylation showed change. The level of 
protein tyrosine phosphorylation is suppressed under hypoxia. Upon reoxygenation of 15 
minutes, the expression pattern is almost restored to the same level as the control one (the 
aerobic one). Hypoxia was also found not to reduce the extent of apoptosis induced by 
irradiation, as shown by both cell lines. Under hypoxia, there is lack of oxygen for the 
production of reactive oxygen species after irradiation. But physiological change undergo 
by the mitochondria may also contribute to the oxidative state inside the cell, and reactive 
oxygen species is only one factor that causes apoptosis in irradiated cell, so there is still 
D N A fragmentation observed. 
For acidic conditions and glucose-depleted environments, the cells cannot tolerate such 
conditions. Results shown by MTT, flow cytometry and D N A fragmentation experiments 
confirm these observations. Examples from clinical samples have evidences that acidic 
tumors undergo necoresis at some parts in tumors. (Bunn and Poyton, 1996). Besides, 
local nutrients deprivation does induce reduction in tumor size (Eigenbrodt, et al., 1998). 
However, tumor cells can survive just utilizing low glucose level (Brand and Hermfisse, 
1997). One can speculate that in vivo, if the solid tumor's main blood vessel supply is 
The Chinese Uni versity of Hong Kong 73 
Characteristics of Cells Under DifFerent "Tiiioor Microeiiviroiimental Conditions 
cut or be constricted, apart from interfering with the drug delivery system, or the tumor is 
posed under an environment of both the stresses of hypoxia, acidic environment and 
glucose depleted conditions, we may assume that this can probably greatly inhibit the 
growth of the tumor and likely to help the solid tumor size to shrink effectively. 
In solid tumors, in addition to the vascular density, vascular heterogeneity is an important 
factor while estimating the hypoxic fraction in tissue (Nilsson, et al., 2002). The impact 
of the transient hypoxia that results from decreased tumor blood flow is now beginning to 
be appreciated in pre-clinical systems, and also receiving increasing attention in clinical 
practices. It is hoped that more information on each aspect of tumor microenvironments 
can provide helpful insights into the therapies to eradicate growing tumors. 
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CHPATER TWO 
REACTION KINETICS OFA431 CELLS AND 
SiHa CELLS INDUCED BY EGF 
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2.1 Introduction 
Epidermal growth factor (EGF) is a well-studied growth factor (Aaronson, 1991). 
Growth factors are a diverse group of mitogenic polypeptides that modify cell 
proliferation, cellular biological response and the regulation of the ongoing sub-cellular 
or physiological processes. EGF was first separated from nerve growth promoting 
substance by Stanley Cohen in 1960. EGF is active on a variety of cell types, especially 
but not exclusively epithelial (Clark, el al； 1993; Gibson, et al., 1997). Quite a large 
among of cancer cells over express EGFR on cell surface, therefore it is interesting to 
study the response of cancer cells to the EGF. As seen from the previous experiments, 
the phosphorylation patterns of A431 cell and SiHa cell are modified under hypoxia. 
W e would like to investigate the phosphorylation pattern induced by EGF on these two 
cell lines. 
Published studies show that over-expression of epidermal growth factor-receptors 
(EGF-R) has been described in a variety of cancers, such as cervical cancer. And 
up-regulation of EGF-R was associated with increased cellular proliferation. Decreased 
expression of EGF-R was associated with decreased cellular proliferation (Mathur , et 
al., 2000). 
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The most thoroughly studied intracellular transduction mechanisms entail cascades of 
protein phosphorylation and dephosphorylation involving the interplay of a broad 
repertoire of kinases and phosphatases. Phosphorylation plays a critical role in the 
regulation of broad array of transcription factors, hence an important contribution to the 
regulation of genes induced by low oxygen tension, transducing the hypoxic signal 
from the sensor to responsive transcription factors. This critically important mode of 
intracellular signaling involves phosphorylation and dephosphorylation of residues like 
Ser, Thr, and Tyr at their position in the relevant polypeptiedes (Franklin B and Robert 
0，1996). 
A431 vaginal squamous carcinoma cell is commonly used for epidermal growth factor 
(EGF) signaling studies due to its overexpression of EGF-receptor on the cell surface 
membrane compared to SiHa valvu squamous carcinoma cell. (Mathur, et al., 1989; 
Aaronson, 1991). 
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2.1.1 Structure of EGF and EGFR 
EGF is synthesized as a precursor of 1217 amino acids including at least 7 repeat amino 
acid sequences homologous to the original 53 amino acid EGF mitogen, devoid of 
alanine, phenylalanine and lysine. EGF binds to its transmembrane receptor, epidermal 
growth factor receptor (EGFR) (Cohen, 1983). EGFR belongs to a family of protein 
tyrosine kinase transmembrane growth factor receptors. Upon the binding of EGF to 
specific EGFR, a cascade of early cellular responses is triggered. Eventually cause the 
cells to proliferate, differentiate or have negative proliferation effects (Hata, el al., 
1989). 
Mature EFGR is a 170kDa transmembrane glycoprotein that is over-expressed in 
human malignancies including lung, head, brain and bladder cancers. It composes of a 
single polypeptide chain of 1186 amino acid residues and a substantial amount of 
N-linked oligosaccharide. A hydrophobic membrane anchor sequence gives an 
extracellular ligand-binding domain, a membrane anchor domain and, in the 
cytoplasmic domain, there has a ATP-binding site and encodes an EGF-regulated 
tyrosine kinase (figure 2.1). The carboxyl tail at the intracellular domain of EGFR has 
regulatory functions in signal transduction. 
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Figure 2.1 Diagram shows the topology of epidermal growth factor receptor EGFR. 
(Ullrich, A. and Ashlessinger, J., 1990) 
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2.1.2 EGF signal transduction pathway 
Signaling from the epidermal growth factor (EGF) receptor is triggered by the binding 
of ligands such as EGF or transforming growth factor alpha (TGF-alpha) and 
subsequent receptor dimerization occurs. After EGF binds to the extracellular domain 
of the EGF receptor, it induces autophosphorylation of the serine residue at the 
intracellular domain by the receptor tyrosine kinase (Gibson, et al., 1997). It then 
stimulates the generation of phospholipase C and generates the metabolite IPS which 
2 + • acts as a second messenger molecule to liberate stored Ca from the endoplasmic 
I 
reticulum, as a result activating Ca "requring enzymes or other processes. Another 
metoblite of this signal transduction pathway is D A Q which is an activator of protein 
2+ 
kinase C and controls the intracellular uptake of Ca • 
The second cascade is through the activation of JAK-STAT pathway of which the 
proteins translocate to the nucleus and activate specific gene transcription. The third 
cascade is via the Ras/Raf pathway of which the adaptor protein Grb2 will bind to the 
activated receptor (Nilsson, et al., 1997; Clarke, et al” 1998). The binding would 
subsequently lead to the activation ofRaf/MEKK, then M A P K K and MAPK, finally to 
the nuclear transcription factors that in turn mediate differentiations and cellular 
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responses. Previously published results suggest that EGF activates the c-jun promoter 
by a Ras-to-Rac-to-MEKK pathway (Clarke, et al, 1998). 
The simplified diagram showing this signal transduction is illustrated in Figure 2.2. 
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Figure 2.2 The signaling pathway induced by the extracellular binding of EGF to 
EGF-receptor. Upon EGF binding to the extracellular domain, intracellular 
domain of the EGF receptor undergoes auto-phosphorylation at the tyrosine 
residues, which in turns mediates a cascade of protein phosphorylation on various 
downstream protein kinases. (Ullrich, A. and Ashlessinger, J., 1990) 
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2.2 Objectives 
To investigate the protein tyrosine phosphorylation pattern induced by EGF under 
aerobic, hypoxic and reoxygenated conditions. EGF binding to the EGFR membrane 
receptor would lead the receptor to undergo dimerization and the subsequent 
phosphorylation of the tyrosine residues at the receptor's cytosolic domain. Study the 
effect of hypoxic modification on EGF response, EGF induced protein tyrosine 
phosphorylation in A431 cells and SiHa cells under hypoxia and reoxygenation were 
examined in comparison with cells under aerobic (normal) condition. 
Two EGF concentrations were used, one was the low concentration set (Ing/ml, 5ng/ml, 
lOng/ml), and the other was high concentration set of 50ng/mL The low concentration 
sets experiment was to pulse the cells with 15 seconds with EGF after 24 hours hypoxia. 
While another set of experiment was to incubate the cells with 50ng/ml EGF under 
hypoxia. This experiment design helps to look into early kinetics of the first 15 seconds 
using lower concentrations of EGF, and the late kinetics up to 24 hours incubation with 
a higher EGF concentration in A431 cells and SiHa cells. 
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2.3 Materials and Methods 
2.3.1 Materials 
Chemicals Company 
• 1 OX Trypsin with EDTA Gibco/ Life Tech, Ltd 
• 3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyl- Sigma 
• tetrazolium bormide )MTT) 
• Acrylamide BIORAD 
• Agarose Gibco/ Life Tech, Ltd 
• Ammonium persulphate Sigma 
• Aprotinin Boehringer Mannheim 
• B C A protein assay Molecular Research centre 
• BCP Sigma 
• Calcium chloride Sigma 
• Chloroform 、 B D H laboratory suppliess 
• Diethyl pyrocarbonate (DEPC) USB 
• Dulbecco's Modified Eagles's mdium Gibco/ Life Tech, Ltd 
(DMEM) 
• ECL Western blotting detection reagents Amersham 
• Epidermal growth factor (EGF) Santa Cruz 
• Ehanol B D H laboratory supplies 
• Ethidium bromide Sigma 
• Ethylenediaminetetraacetic acid (EDTA) USB 
• Fetal bovine serum Gico/ Life Tech, Ltd 
• Glycine Gibco/ Life Tech, Ltd 
• High range and low range protein marker BIORAD 
• Isoamyl alcohol Sigma 
• Isopropanol B D H laboratory supplies 
• L-glutamie Gibco/ Life Tech, Ltd 
• Methanol B D H laboratory supplies 
• N,N,N' ,N' -tetramethylethylenediamine BIORAD 
(TEMED) 
• Phosphate buffered saline (PBS) Gibco/ Life Tech, Ltd 
• Sodium acetate Sigma 
• Sodium chloride USB 
• Sodium dodecyl sulfate (SDS) Gibco/ Life Tech, Ltd 
• Thimersol Sigma 
• Tirs-base USB 
• Tirs-HCL Gibco/ Life Tech, Ltd 
• Triton X-100 Boehringer Mannheim 
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Antibodies Company 
• Anti-Raf Santa Cruz 
參 Anti EGFR Santa Cruz 
參 PY-99 Santa Cruz 
• Horseradish peroxidase conjugated Amarsham 
antibody (anti-mouse) 
Culture wares Compavn 
• 25cm^, 75cm^ and 150cm^ cluture flask Coming/ Falcon 
• 60mm and 100 m m culture dish Coming/ Falcon 
參 96-well flat-botton culture plate Coming/ Falcon 
Instruments Company 
• Chamber gas (10% CO2 +90% N2) Hong Kong Special Gas 
• FACSORT flow cytometer Becton Dickinson 
參 Film cassette Kodak 
• Hypoxic Chamber SHEL LAB Sheldon 
Manufacturing, Inc 
參 Immnobilon-P transfer membrane Millipore 
• Mini-PROTEAN® II electrophoresis BIORAD 
apparatus 
參 Thick blotter peper Falcon 
• U V transilluminator U V P 
• X-ray film Kodak/ Fuji 
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2.3.2 Methods 
2.3.2.1 Cell Lines 
A431 is squamous carcinoma cell from vaginal. SiHa is squamous carcinoma cell from 
the vulva. The cell lines were cultured and kept in Dulbecco modified Eagle's medium 
with 10% fetal bovine serum and 2 m M L-glutamine (Life Technologies Inc., USA) in 
37°C incubator. 
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2.3.2.2 EGF Sensitivity Assay 
To study the proliferation profile of EGF on A431 cell and SiHa cell by M T T assay. 
Cells were seeded in 96-well plates (400 cells per well) for 2 days and then various 
concentrations (5ng/ml, lOng/ml, 50ng/ml, 80ng/ml, lOOng/ml) of EGF were added 
onto the cells and then incubated for further 5 days in the 37°C incubator. 
2.3.2.3 Combination Effect of Hypoxia and EGF 
To investigate the effect of hypoxia on the modification of response to EGF. Cells for 
one set of experiment were incubated in the hypoxic chamber incubator (37°C) parallel 
to the aerobic set after the addition of EGF. Two phases of kinetics was studied, one was 
the early kinetics response induced by EGF of low concentration, while the other one 
was the late kinetics response induced by higher EGF concentrations. This approach 
allow us to investigate how the cells response to EGF in a dose-dependent (using 
several low EGF concentrations to pulse cells for 15 seconds) and time-dependent 
maimer (using 50ng/ml of EGF to incubate cell from 4 hours to 24 hours). 
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2.3.2.4 Early Kinetics Analysis by Low EGF concentration Treatment 
As mentioned before, there were two sets of experiments using two different EGF 
concentrations. The one with low EGF concentrations (Ing/ml, 5ng/ml, lOng/ml) was 
done to study the early kinetics of phosphorylation response. 
In the aerobic condition, the cells were seeded for two days and then pulsed with low 
EGF concentrations for 15 seconds, and the protein samples were obtained to perform 
Western Blot analysis. For the hypoxia set, the cells were cultured for two days under 
aerobic environment and then placed into the hypoxic chamber incubator (37°C) for 
further incubation of 24 hours, and then were pulsed with low EGF concentrations for 
15 seconds，followed by Western Blot analysis. 
For the reoxygenation one, the cells were cultured for two days and were subjected to 
24hr hypoxia followed by reoxygenation for 15 minutes. After 15 minutes 
reoxygenation, the cells were pulsed with low EGF concentrations for 15 seconds in 
aerobic condition before Western Blot analysis. 
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2.3.2.5 Late Kinetics Analysis by High EGF Concentration Treatment 
The other set of EGF study was done by using 50ng/ml EGF. The cells were incubated 
with 50ng of EGF for 4hr, 8hr, 12hr and 24hrs respectively. The cells were cultured for 
2 days under normal environment, and then 50ng EGF was added. For the aerobic set, 
the cells were incubated under aerobic incubator throughout the experiment. While for 
the hypoxic set, the cells were incubated under aerobic incubator before the cells were 
placed into the hypoxic incubator. For the reoxygenation set, the cells were cultured 
under aerobic incubator for 2 days followed by 24 hours hypoxia, and then EGF was 
added after 15 minutes reoxygenation. The cells were lysed to extract protein samples 
for Western Blot analysis. 
Procedures for Western Blot analysis were the same as that mentioned in Chapter One 
section 1.3.2.9. 
The primary antibody used for Western Blot Analysis was PY-99 (anti-phosphotyrosine 
residue) and that for secondary antibody was anti-mouse secondary antibody. Both 
were purchased from Santa-Cruz. 
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2.4 Results 
2.4.1 Sensitivity of A431 cells and SiHa cells to EGF by MTT Assay 
Results from M T T assay show that EGF (with the concentrations from 5ng/ml to 
lOOng/ml) suppressed cell proliferation of A431 cells as shown in Figure 2.3a (a). It 
shows that at those concentrations, EGF is more potent to induce cell death in A431 
cells under hypoxia and reoxygenation conditions than aerobic condition, as shown by 
the slope of the graphs. The more negative the y-axis value, the more sensitive to the 
EGF. The slope of the hypoxia treated set gave the most negative value of -0.0045 
compared to -0.0022 in the case of aerobic condition and -0.004 in reoxygenation, so 
we can conclude that hypoxia increases the inhibition of growth in A431 cells. 
From Chapter One (section 1.4.1), we found that hypoxia suppressed the proliferation 
of A431 cells, and, A431 cells are subjected to inhibition by EGF under aerobic 
conditions, thus we might speculate that, combining these two effects, A431 cells 
growth would be further inhibited as the results shown. 
The Chi nese Univers ity o f Hon.g Kong 90 
Characteristics of Cells Under Different Tiiiiior Microenvironmeiital Conditions 
i l l ^ 1 ^ 
《 y - 0 0022X + 09559 
0 20 40 60 80 100 120 
EGF concentration ng/ml 
(a) 
• 
^ "'"'''T"."" I”…'‘".”‘'““"'""' “ 
•：麵錄_•糊〈\、乂、\W:?冗…: 
0 20 40 60 80 100 120 
EGF concentration ng/ml 
(b) 
.………—丨 
I 0：6 雙 _ 
：—」y三:0涵又—+6.956-3::-‘； 
0 = ‘ 
0 20 40 60 80 100 120 
EGF concentration ng/ml 
(C) 
Figure 2.3a The viability of A431 cells under EGF in aerobic condition (a), hypoxia (b), and 
reoxygenated condition (c) as studied by MTT assay. For the aerobic set, the cells were cultured 
under aerobic conditions for 2 days before addition of EGF, and it was kept in aerobic incubator 
afterwards. For the hypoxic and reoxygenation sets, the cells were cultured under aerobic 
condition for 2 days and then subjected to 24 hours hypoxia before addition of EGF, afterwards, 
the hypoxic set was continued to be kept in hypoxic incubator for 4 more days. While the 
reoxygenated set was transferred to aerobic incubator from the hypoxic incubator after addition 
of EGF. The experiments were repeated for nine times and all showed similar responses. 
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SiHa cells, on the other hands, is contrast to A431 cells. EGF (at concentrations from 
5ng/ml to lOOng/ml) stimulates the proliferation of SiHa cells as shown in Figure 2.3b 
(a). Under hypoxia and reoxygenation conditions, as in Figure 2.3b (b) and (c), the 
stimulation effect of EGF on cell proliferation was found to be decreased. Again we can 
see from the slope of the graphs. In this case, the slope for the aerobic control is 0.0051, 
for the hypoxia is 0.0029，and for reoxygenation is 0.0035. The slopes under all 
conditions are found to be positive, meaning that the proliferation of SiHa is stimulated 
under all the 3 conditions. However, it shows that the stimulation effect has different 
extent as we look at the slope values. The slope value decreases, as SiHa cell was less 
sensitive to EGF. Under hypoxia, the stimulation effect on SiHa by EGF is reduced 
from 0.0051 to 0.0029. Upon reoxygenation, the data restored to 0.0035. W e might 
speculate that cells are able to detect the reoxygenation conditions and show respective 
physiology restoration. 
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Figure 2.3b The viability of SiHa cells under EGF in aerobic condition (a), hypoxia (b), and 
reoxygenated condition (c) as studied by MTT assay. For the aerobic set, the cells were cultured 
under aerobic conditions for 2 days before addition of EGF, and it was kept in aerobic incubator 
afterwards. For the hypoxic and reoxygenation sets, the cells were cultured under aerobic 
condition for 2 days and then subjected to 24 hours hypoxia before addition of EGF, afterwards, 
the hypoxic set was continued to be kept in hypoxic incubator for 4 more days, while the 
reoxygenated set was transferred to aerobic incubator from the hypoxic incubator after the 
addition of EGF. The experiments were repeated for nine times and all showed similar 
responses. 
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2.4.2 Early/Late Kinetics of EGF induced protein tyrosine phosphorylation 
Pattern 
To study the general protein tyrosine phosphorylation pattern of cells under hypoxia, 
cells were treated with EGF under three conditions and the cells were lysed for Western 
Blot analysis. The results show that, in A431 cells, the early phosphorylation kinetics 
induced by low EGF concentration seemed to be suppressed under hypoxia, and, the 
expression level did not restore after 15 minutes of reoxygenation in A431 cells. 
Furthermore, at each condition, it appears to have no difference in the phosphorylation 
level between Ing/ml, 5ng/ml and lOng/ml of EGF induction (Figure 2.4). 
For SiHa cell, the change in the protein tyrosine phosphorylation profile under different 
environments seems not to be significance enough to draw any conclusion. However, 
within each condition, the phosphorylation level increases as the concentration of EGF 
increased from Ing/ml to lOng/ml (Figure 2.5). 
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Figure 2.4 Protein tyrosine phosphorylation profile in A431 cells after pulsed with low 
EGF concentrations by Western Blot analysis. The cells were pulsed for 15 seconds 
with low EGF concentrations (Ong/ml, Ing/ml, 5ng/ml, lOng/ml), the antibody used 
was anti-PY99. The cells were cultured under normal conditions throughout 
experiment for aerobic set. For hypoxia set, the cells were cultured under aerobic 
conditions for 2 days and then subjected to 24 hours hypoxia. Afterward, the cells were 
pulsed with EGF for 15 seconds under hypoxia and samples were obtained. For the 
reoxygenation set, the cells were cultured under aerobic conditions for 2 days and then 
subjected to 24 hours hypoxia. Afterward, the cells were reoxygenated for 15 minutes 
before pulsing with EGF. The experiment was carried out for six times and five of them 
showed consistent results, m.w 二 molecular marker of the protein standards. 
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Figure 2.5 Protein tyrosine phosphorylation profile in SiHa cells after pulsed with low 
EGF concentrations by Western Blot analysis. The cells were treated with low EGF 
concentrations (Ong/ml, Ing/ml，5ng/ml, lOng/ml) and pulsed for 15seconds. The cells 
were cultured under normal conditions throughout experiment for aerobic set. For 
hypoxia set, the cells were cultured under aerobic conditions for 2 days and then 
subjected to 24 hours hypoxia. Afterward, the cells were pulsed with EGF for 15 
seconds under hypoxia and samples were obtained. For the reoxygenation set, the cells 
were cultured under aerobic conditions for 2 days and then subjected to 24 hours 
hypoxia. Afterward, the cells were reoxygenated for 15 minutes before pulsing with 
EGF. The experiment was carried out for six times and five of them showed consistent 
results, m.w = molecular marker of the protein standards. 
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A431 cells were treated with high EGF concentration of 50ng/ml and incubated from 4 
hours to 24 hours. For the aerobic set, the peak of phosphorylation is at 8 hours after 
addition of EGF, compared to the hypoxia set in which the peak was found to be 
between 8 hour and 12 hours (Figure 2.6). This shows a delay in EGF stimulated 
phosphorylation kinetics when subjected to hypoxia. Furthermore, the extent of 
phosphorylation was also reduced, as seen from the intensity of bands. 
For SiHa cells incubated with high EGF concentration of 50ng/ml (Figure 2.7), again, 
there seems to have no significant difference among the three treatment conditions, 
aerobic, hypoxia, and reoxygenation. 
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Figure 2.6 Protein tyrosine phosphorylation profile in A431 cells incubated with high 
EGF concentration as measured by Western Blot analysis. A431 cells were treated with 
50ng/ml EGF concentration. Aerobic set was treated under aerobic condition 
throughout the experiment. For the hypoxic sets, cells were cultured under aerobic 
conditions for 2 days and were subjected to 24 hours hypoxia before addition of 
50ng/ml EGF. Afterwards, the cells were continued to be incubated under hypoxic 
incubator. For the reoxygenation set, cells were cultured under aerobic conditions for 2 
days and were subjected to 24 hours hypoxia before addition of 50ng/ml EGF. 
Afterwards, the cells were transferred to aerobic incubator for reoxygenation from 4 
hours to 24 hours. The experiment was carried out for eight times and seven of them 
showed consistent results, m.w = molecular marker of the protein standards. 
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Figure 2.7 Protein tyrosine phosphorylation profile in SiHa cells incubated with high 
EGF concentration as measured by Western Blot analysis. SiHa cells were treated with 
high EGF concentration of 50ng/ml. Aerobic set was treated under aerobic condition 
throughout the experiment. For the hypoxic sets, cells were cultured under aerobic 
conditions for 2 days and were subjected to 24 hours hypoxia before addition of 
50ng/ml EGF. Afterwards, the cells were continued to be incubated under hypoxic 
incubator. For the reoxygenation set, cells were cultured under aerobic conditions for 2 
days and were subjected to 24 hours hypoxia before addition of 50ng/ml EGF. 
Afterwards, the cells were transferred to aerobic incubator for reoxygenation from 4 
hours to 24 hours. The experiment was carried out for eight times and all of them 
showed the same results, m.w = molecular marker of the protein standards. 
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2.4.3 Raf protein expression 
Raf is a 67 kDa cytoplasmic protein with intrinsic kinase activity and it is broadly 
expressed in many cell types. Raf is one of the downstream proteins in EGF signaling 
pathway. As illustrated in Fi gure 2.2 on page 78, Raf protein is one of the members in 
this cascade. Upon the binding of EGF onto the extracellular domain of the receptor, the 
intracellular domain of the EGF receptor undergoes auto-phosphorylation and launched 
a cascade of protein and enzyme phosphorylaions, involving activation of Raf protein. 
Rafphosphorylates and thereby activates M E K (also designated as M A P kinase kinase). 
Also from Chapter One we find that the general protein phosphorylation pattern was 
suppressed under hypoxia, we would also like to verify if Raf protein activation is 
consistent to this phenomena (suppression under hypoxia). 
The Raf protein expression level under hypoxia was investigated. The primary 
antibody used was anti Raf-1 and the secondary antibody used was anti-rabbit. Raf 
protein in A431 cells seemed to be up-regulated under hypoxia and upon reoxygenation 
(Figure 2.8). The case is opposite in SiHa cell whereas Raf was upregulated upon 
reoxygenation but not by hypoxia (Figure 2.9). From Chapter One (Figure 1.14)，the 
basal protein tyrosine phosphorylation of A431 cells is found to be suppressed under 
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hypoxia. However, the Raf protein expression is found to be upregulated. This findings 
conveys that there might be some other factors to activate Raf protein other than by 
tyrosine residues phosphorylation. In the case of SiHa cells, hypoxia down-regulate 
Raf protein expression, although its basal phosphorylation pattern was also suppressed 
by hypoxia, the relationship between them and the mechanism in which Raf protein is 
activated under hypoxia remains to be elucidated. 
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Figure 2.8 Raf protein expression level in A431 cells under different conditions by 
Western Blot analysis. Cells were cultured under aerobic conditions throughout 
experiments for aerobic control. For hypoxic set, cells were cultured under aerobic 
condition for 2 days and then subjected to 24 hours hypoxia. For the reoxygenation set, 
the cells were cultured under aerobic condition for 2 days and then 15 minutes 
reoxygenation. The experiment was carried out for six times and all of them showed the 
same results. C^ control/aerobic, N=hypoxia, R^reoxygenation. m.w = molecular 
weigh of Raf. 
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Figure 2.9 Raf protein expression level in SiHa cells under different conditions by 
Western Blot analysis. Cells were cultured under aerobic conditions throughout 
experiments for aerobic control. For hypoxic and reoxygenation sets, cells were 
cultured under aerobic conditions for 2 days and then 24 hours hypoxia, and 15 minutes 
reoxygenation after 24 hours hypoxia respectively. The experiment was carried out for 
six times and all of them showed the same results. Ocontrol/aerobic, N=hypoxia, 
R=reoxygenation. m.w = molecular weigh of Raf. 
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2.4.4 EGFR expression level 
EGF mediates its effects on cell growth through its interaction with a ITOkDa cell 
surface glycoprotein, the epidermal growth factor receptor EGFR. Binding of EGF to 
EFGR activates a tyrosine specific protein kinase activity intrinsic to the EGFR. 
Studies show that low oxygen tension decreased the number of binding sites of EGF 
(Falanga, et al., 1994), and epidermal growth factor receptor (EGFR) is the main 
binding site for EGF. To verify if low oxygen tension would also decrease EGFR 
expression in our cell lines, the EGFR expression level in A431 cells and SiHa cells 
were studied. W e find that EGF suppressed the proliferation of A431 cells but promoted 
proliferation of SiHa cells, this phenomena still hold under hypoxic environment, but to 
a litter extent. One might wonder why the EGF effect was less potent on both cell lines 
under hypoxia, might it be related to the number of EGFR expressing on the cells 
surface? The expression level of EGFR in A431 cells and SiHa cells were studied. 
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Results show that the expression level of EGFR in A431 cells under hypoxia seems to 
be up-regulated under hypoxia and reoxygenation conditions (Figure 2.10)，although 
the general phosphorylation pattern was found to be suppressed under hypoxia as from 
Chapter One (Figure 1.14). However there seems to have no significant variation in the 
EGFR expression on SiHa cells under aerobic, hypoxic and reoxygenation conditions. 
(Figure 2.11) 
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Figure 2.10 The expression level of EGFR of A431 cells under different conditions by 
Western Blot analysis. Control set was cultured under aerobic condition. Hypoxia set 
was subjected to 24 hours hypoxia after 2 days aerobic culture. For reoxygenation, cells 
were cultured 2 days under aerobic environment and then 24 hours hypoxia followed by 
15 minutes reoxygenation. The experiment was carried out for six times and all of them 
showed the same results. C=control/aerobic, N^hypoxia, R^reoxygenation. Molecular 
weight of EGFR is ITOkDa. 
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Figure 2.11 The expression level of EGFR of SiHa cells under different conditions by 
Western Blot analysis. C=control/ aerobic, N=hypoxia, R^reoxygenation. Control set 
was cultured under aerobic condition. Hypoxia set was subjected to 24 hours hypoxia 
after 2 days aerobic culture. For reoxygenation, cells were cultured 2 days under 
aerobic environment and then 24 hours hypoxia followed by 15 minutes reoxygenation. 
The experiment was carried out for eight times and all of them showed the same results. 
Ocontrol/aerobic，N=hypoxia, R^reoxygenation. Molecular weight of EGFR is 
170kDa. 
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2.5 Discussion 
Quite a large number of cancer cell types exhibit various level of epidermal growth 
factor receptors on their cell surface, however their sensitivity toward EGF and the 
subsequent biological reactions may differ. Study of the protein expression level helps 
to convey more about the basic reactions properties of A431 cells and SiHa cells to EGF. 
On the other hands, hypoxia may modify solid tumor cells reaction toward EGR 
In this study, EGF was found to be suppressive for A431 cells but has stimulatory effect 
on the proliferation of SiHa cells. The promotional effect of EGF is not only found in 
SiHa cells. Some studies also found this phenomenon in human osteoblastic 
periodontal ligament (PDL) cells (Matsuda, et al., 1998). W e speculate one of the 
reasons in which EGF inhibits EGF cell proliferation may be related to the fact that 
A431 cells has over-expressed EGFR on it cell surface. A431 cells express a number of 
1X10^ of EGFR on cell surface membrane, while that for SiHa cells is ten times less of 
1X10^. The ten fold difference in the expression number of EGF mainly accounts for 
the contradictory behavior in these two cell lines towards EGF. Other reasons might 
include some unknown factors or signal transduction pathways that remains to be 
investigated. 
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The basal level of protein tyrosine phosphorylation level of A431 cells under hypoxia is 
found to be suppressed, also the proliferation of A431 cells was suppressed by EGF 
under both hypoxic and reoxygenated conditions, and it is found that the suppression 
effectiveness by EGF is more potent under hypoxia. On the other words, the killing 
effect of EGF on A431 cells is more potent under hypoxia. The stimulatory effect of 
EGF on SiHa cells also decreases as the cells are treated under hypoxic or reoxygenated 
conditions. These phenomena might, to some extent, due to the additive effect of EGF 
and hypoxia. 
If the increased extents in stimulatory and inhibitional effects on cell proliferation by 
EGF are related to the change in EGF receptor number under hypoxia, then we might 
guess that the number of EGFR on cell surface would increase in number in both cell 
lines. From our result we found that the expression of EGFR is found to be up-regulated 
under hypoxia in A431 cell. This finding is consistent to our hypothesis. And, similar 
results are shown in other squamous carcinoma cells, human keratinocytes, and human 
W138 fibroblasts (Laderoute, et al., 1992). But in SiHa cells, however, there is no 
modification on EGFR under hypoxia. 
The Chi nese Univers ity o f Hon.g Kong 109 
Characteristics of Cells Under Different T\im.or Microenvironmeiital Conditions 
Irrespective to the up-regulated expression of EGFR in A431 cells under hypoxia, the 
general protein phosphorylation level is found to be suppressed under hypoxia. Other 
studies also reveal that less protein tyrosine phosphorylation occurs in hypoxia 
compared to aerobic A431 cells (Laderoute, et al., 1992). Here, it might imply that 
up-regulated EGFR may not be functioning the same as the original ones or the binding 
affinity to EGF is decreased. For SiHa, however, there is no significant expression 
modification of basal phosphorylation pattern and the EGFR expression level. 
When we investigate one of the downstream proteins of the EGF signaling pathway, the 
Raf protein, the two cell lines show different responses in Raf protein expression under 
hypoxia. Here we can't draw direct relationship between the expression of EGFR and 
Raf protein expression level, but observe that in A431 cells, the expression of EGF 
receptor is up-regulated and Raf protein level is stimulated under hypoxic environment. 
Generally, it is concluded that A431 cells undergo more modification under hypoxia. 
The cells exhibit anti-proliferation response toward EGF, a decreases in the expression 
level of protein tyrosine phosphorylation despite the up-regulation of Raf protein 
expression level under hypoxia, when compared to SiHa cells. These data indicate that 
the biology of solid tumor cells varies as the cancer types and have no consistent 
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Characteristics of Cells Under Di:ffe:rcii,t Tumor Microenvironmental Conditions 
CHAPTER THREE 
IDENTIFICATION OF DEFFERENTIALLY 
EXPRESSED GENES INA431 CELLS BY 
DIFFERENTIAL DISPLAY 
UNDER DIFFERENT TUMOR 
MICROENVIRONMENTS 
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3.1 INTRODUCTION 
The biological characteristics of A431 cells under different tumor microenvironmtal 
stresses are discussed in the previous chapters. To study how these 
microenvironments may alter gene expression in A431 cells, the techniques of 
RT-PCR differential display experiments are performed. 
In solid tumors with deficiencies in oxygen, tumor cells sense the reduced oxygen 
level by signal transduction pathways through altering of protein phosphorylation 
pattern and altering gene transcriptional patterns. W e have studied the 
hypoxia-induced changes in physiological pattern in Chapter One and the change in 
protein phosphorylation pattern in Chapter Two. In this chapter, the genes that 
modified by hypoxia will be searched by RT-PCR differential display experiments. 
A well-known transcription factor, hypoxia-inducible factor (HIF-1), is an important 
mediator of the hypoxic response of tumor cells and controls the up-regulation of a 
number of factors important for solid tumor expansion (Ryan, 2001). 
Hypoxia-inducible factor is a transcriptional factor that activates transcription of 
genes either to increase oxygen delivery or to provide metabolic adaptation under low 
oxygen conditions. This transcriptional factor is a heterodimeric protein, consisting of 
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HIF-1 a and HIF-1 p subunits (figure 3.1). The expression of HIF-1 is tightly regulated 
by cellular oxygen level. Following hypoxia, stabilization and nuclear binding of HIF 
triggers the expression of a variety of genes such as those related to erythropoiesis, 
glycolysis and angiogenesis (Giatromanolaki A and Harris, 2001). 
Some examples of genes that induced by hypoxia includes (Franklin B and Robert 0， 
1996): 、 
Erythropoietin - hypoxic induction of Epo expression is considerably greater than that 
of other 02-responsive genes studied to date. 
Tyrosine hydroxylase - TH , the rate-limiting enzyme in dopamine synthesis, is 
activated by hypoxia. 
Vascular endothelial growth factor- VEGF is expressed in nearly all cells and tissues, 
its expression is markedly enhanced by hypoxia. 
Genes involved in glucose metabolism - there is a rich and fascinating literature on 
the metabolic strategies that have evolved for enabling higher organisms to prevail 
during oxygen deprivation (Hochachka and Somero) eg. Glucose transporter-1, 
glycolytic enzymes. 
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Figure 3.1 Schematic diagram of hypoxia-inducible factor 1 (HIF-1). HIF-1 is a 
transcriptional factor consisting two protein subunits, HIF-la and HIF-1 p. B H L H = 
basic-helix-loop-helix domain, ID = inhibitory domain, TAD N & TAD C = amino 
and carboxyl transactivation domain. 
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Differential-display reverse transcription-polymerase chain reaction (DD RT-PCR) 
was developed by Parde's group at the Dana Farber Cancer Institute in Boston. It has 
been one of the most commonly used techniques in molecular biology due to its 
practical and economic nature (Liang and Parde, 1995). Besides, D D RT-PCR 
technique makes it possible to obtain reproducible results and to identify virtually 
every m R N A species expressed in the cell, even though they may present at low level 
(Bauer, et al., 1993). It is also a powerful tool to characterize and to clone the 
differentially expressed genes among different cell lines or cells under different 
treatments. The techniques have been used in areas of identification and cloning of 
genes in developmental process, pathological status, cancer research etc (Chen, el al., 
1996). It enhances the understanding and discovery of genetic expression aspects of 
interested cells. 
The simplified protocol of differential display experiments used in this research is 
illustrated in Figure 3.2 on page 116. A431 cells were used in this experiment. The 
cells were treated with the 6 different conditions as mentioned in Chapter One, 
together with one new criterion, A431 spheroid, making a total of 7 treatment 
conditions for differential display experiment. 
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3.2 Materials and Methods 
3.2.1 Materials 
Chemicals Company 
• 1 OX Trypsin with EDTA Gibco/ Life Tech, Ltd 
• Acrylamide (30%，40%) BIORAD 
• Agarose Gibco/ Life Tech, Ltd 
• Calcium chloride Sigma 
• Chloroform B D H laboratory suppliess 
• Diethyl pyrocarbonate (DEPC) 、 USB 
參 Dulbecco's Modified Eagles's mdium Gibco/ Life Tech, Ltd 
(DMEM) 
• Ehanol B D H laboratory supplies 
• Ethidium bromide Sigma 
• Ethylenediaminetetraacetic acid (EDTA) USB 
• Fetal bovine serum Gibco/ Life Tech, Ltd 
參 Formaldehyde Sigma 
• Glycine Gibco/ Life Tech, Ltd 
• High range and low range protein marker BIORAD 
• L-glutamie Gibco/ Life Tech, Ltd 
• Phosphate buffered saline (PBS) Gibco/ Life Tech, Ltd 
參 Message Clean ® Kit GeneHunter Corp. 
• Nobel agar powder Gibco 
• QIAEXII gel extraction Kit Qiagen 
參 QIAGEN Plasmid Minipreparation Kit Qiagen 
• R N A image ⑧ m R N A differential display GeneHunter Corp. 
system 
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Instruments Company 
• Chamber gas (10% CO2 +90% N2) Hong Kong Special Gas 
參 Film cassette Kodak 
• Hypoxic Chamber SHEL LAB Sheldon 
Manufacturing, Inc 
• Northern Blot Nylon membrane Amarsham 
• Electrophoresis gel tank BIORAD 
• Thick blotter peper 3 M 
參 U V transilluminator U V P 
• X-ray film Kodak/ Fuji 
The Chi nese University o f Hong Kong 118 
Characteristics of Cells Under Different Timior Microenvironmental Conditions 
3.2.2 Methods 
Apart from the 6 conditions (control/ aerobic, hypoxia, reoxygenation, acidic and 
glucose depletion) mentioned in Chapter One, one new culture condition was included 
for RT-PCR differential display, A431 spheroid cells. 
3.2.2.1 Spheroid Cells 
Cell spheroids have been proposed as models of early tumor growth from which a 
better understanding of tumor cell heterogeneity and its effects on treatment response 
might be gained (Nirmala, et al., 2001). 
Spheroid is a small aggregation of cancer cells from half of a hundred to several 
hundreds. The cells aggregate to form a ball shape. The spheroids are suspended in 
medium, which is different from the one that growing attached to the bed of the 
container. Because spheroids are growing in three dimensions, their growth 
characteristics are more similar to that of in vivo tumor (Sherratt and Chaplain, 2001). 
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Spheroids have been proposed as models of early tumor growth from which a better 
understanding of tumor cell heterogeneity and its effects on treatment response 
(Nirmala, el al., 1996; Landman, K A; Please Sherratt and Chaplain, 2001). 
Spheroids were cultured at 37°C with Dulbecco modified Eagle's medium (DMEM) 
with 10% fetal bovine serum and 2 m M L-glutamine (Life Technologies Inc., USA) on 
1% noble agar dish. In 1% noble agar dish,.the cells would not proliferate on the bed 
of the culture dish, instead, the cells grew by aggregation, and as in suspension in 
culture medium. When the cell number increases, the size of the spheroid enlarges. 
The seeding density of A431 spheroid was 1X1O^. After 4 days, the spheroids were 
harvested by centrifugation at TOOrpm for 3 minutes and washed by cold medium. The 
washed spheroids were collected in an Epondoff tube and lyzed by Tri-reagent to 
precipitate RNA. 
The 1% noble agar dish was pre-made and kept in 4°C. It was then placed into 37°C 
incubator for 1 hour before seeding the cells on it. The 1% noble agar was made by 
diluting 10% noble agar with warm IX PBS, and allowed to set in culture hood before 
storage in 4°C refrigerator. 10% noble agar was made up by dissolving lOg noble agar 
powder into 100ml distilled water. 
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Figure 3.2 Schematic diagram of the procedure of m R N A Differential Display 
experiment. One strand of m R N A was used to make complementary strands of 
double-strand DNA, the D N A was then reamplificated with radioactive dATP before 
resolving by denaturing polyacrylamide gel. The gel was dried and exposed to X-ray 
film. After development of the film, the bandings were visualized. 
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3.2.2.2 Identification of Differentally Expressed Genes by RT-PCR 
Cells were treated under 7 different conditions: aerobic control (A), hypoxia (N)， 
reoxygenation (R), acidic pH 6.5 (P), glucose-depletion (G), lOGy radiation (I) and 
spheroid (S). R N A samples were obtained by using Tri-Reagent precipitation, and 
purified with MessageClean Kit. After incubation with different conditions, the cells 
were lyzed with Tri-reagent, R N A was precipitated and was further purified by 
Message Clean ® Kit. The m R N A obtained was used to perform reverse transcription 
PCR with the enzyme reverse transcriptase (MMLV) with an anchored oligo-dT 
o ^ 
primers H-TnG. The cDNAs obtained were then amplified with radiolabelled S 
dATP by 40 cycles PCR with the use of different primers (Table 3.1). 
The amplificated cDNA fragments (the RT-PCR products) were then run and resolved 
in 6% denaturing polyacrylamide gel. The gel was blotted on 3 M paper and dried 
under vacuum pump on gel dryer at 80°C for 2 hours. The blot was then exposed to 
Kodak X-ray film for several days at -80°C. The signals on the X-ray film were 
examined and the differentially expressed genes were identified. The cDNA band 
showing different expression in any of the above treatment conditions on the gel on 
the 3 M paper was cut to perform the reamplification and ligation prior to insertion 
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into a vector. After transformation of the vector to the bacterial cells, the cDNA inset 
was eluted and, after a series of PGR reamplification and mini-preparation, the eluted 
cDNA was used for sequencing to check for the genes that are differentially expressed 
under different stress conditions. The probe was confirmed by Northern Blot 
hybridization. The cDNA was also used for Northern Blot hybridization to confirm 
the differential expression of the genes. 
s 
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One-base-anchored oligo-dT primers: 
H-TllG (2uM) 5‘-AAGCTTTTTTTTTTTG-3‘ 
Arbitrary 13 mers: 
H-AP10 5, - A A G C T T C C ACGTA-3, 
H-AP22 5,-AAGCTTTTGATCC-3, 
H-AP24 5,-AAGCTTCACTAGC-3’  
Primers pairs used in amplifying and sequencing: 
M13 forward: 5,-TCGTGACTGGGAAAAC-3,  
M13 backward: 5,-GAAACAGCTATGACCATG-3, 
Table 3.1 The primers used in m R N A differential display experiment. 
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3.2.2.3 Ligation and Cloning of Differentially Expressed cDNA 
Reamplication PGR of the cDNA bands from the D D gel by PGR was performed with 
lOX PGR buffer, dNTP, H-AP (the primer), H-TuM and Taq D N A polymerase 
(Qiagen) for 40cycles at 94。C for 30 seconds, 40。C for 2minutes and 72。C for 30 
seconds. 
The cDNA after 40 cycles reamplication PGR reaction was ligated to 
enzyme-digested pBluescript vector at 14。C overnight. Transformation was 
performed the next day using lOul of ligation mix added to the Ultra-competent E.coli 
bacterial cells. The ligation product was mixed with Ultra-competent cell and iced for 
10 minutes. Then the cells are scripted onto the LB agar (with ampicilin) for 37°C 
incubation overnight. 
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3.2.2.4 Screening and Sequencing of the cDNA Inserts 
With the blue-white colony selection system, the colony with successfully inserted 
probe will show white in color so that the interested colony can be further carried for 
drawing single colony. This help us to verify that the probe is inserted successfully. 
An isolated colony with no satellite was chosen, the colony was picked and lyzed to 
perform reamplification PCR for 35 cycles.、The same primer set as in RT-PCR was 
used. If a cDNA was successfully cloned into the bacterial cell, the PCR product 
would show a banding on 1% agarose gel electrophoresis. 
The corresponding colony containing the insert was inoculated into 5ml LB medium 
overnight. The exponentially growing bacteria were collected the next morning and 
the plasmid was extracted by conventional mini-preparation procedure (QIAGEN 
Plasmid Mini Kit). The extracted cDNA was amplified by mini-preparation. PCR and 
the cDNA products were checked again by 1% agarose gel electrophoresis. The 
banding was cut and the cDNA was eluted from the agarose gel using QIAEX Kit⑧ 
from Qiagen, the eluted cDNA was dissolved in TE buffer and kept at -20°C for 
Northern Blot experiments. 
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To verify the sequence of the probes, the mini-preparation elutions were used for 
sequencing using M13 forward (5 ‘ -TCGTGACTGGGAAAAC-3 ‘) and M13 reverse 
(5 ‘-GAAACAGCTATGACCATG-3 ‘) primers. The sequences obtained were then 
checked by the database from GenBank using BLAST search. 
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3.2.2.5 Northern Blot Analysis 
The differential expression patterns of the clone sequences were verified by Northern 
Blot analysis. 7\ig of R N A samples were run in 1% formaldehyde agarose gel 
electrophoresis. The R N A was transferred to nylon membrane and was cross-linked. 
The membrane was then used for blotting with the interested cDNA probes (eluted 
D  
from Minipreparation procedure) with radioactive R The membrane was then 
exposed to Kodat X-ray film in cassette at -80°C. The film was developed and the 
signals on the film indicated the expression level of that particular gene. 
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3.3 RESULTS 
Samples from the 7 different conditions (aerobic control-C, hypoxia-N, 
reoxygenation-R, acidic pH-P, glucose depletion-Q irradiation-I, spheroids-S) were 
obtained to perform RT-PCR using primers (PIO, P22 and P24) respectively with 
radiolabelled ^^S-dATR The PCR products were then resolved by denaturing 6% 
polyacrylamide gel electrophoresis at 60W for about 2 hours. The gel was then blotted 
on 3 M paper and dried before exposed to Kodat X-ray film for several days at -80°C 
and then developed. The film was developed to observe the differentially expressed 
genes that appeared as a sharp banding, but at different intensity on the film. 
The gene expression patterns of A431 cells were shown in Figure 3.3 and Figure 3.4 
using primer H-APlO, H-AP22, H-AP24 in combination with H-TllG 
The marked bands were cut and the cDNA from the bands were extracted and 
reamplificated followed by cloning. 
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Figure 3.3 The gene expression profile of A431 cells using primer H-AP 10 and 
H-TllG. The abbreviations of the samples are marked on top of the gel (aerobic-C, 
hypoxia-N, reoxygenation-R, acidic pH-P, glucose depletion-Q irradiation-I, 
spheroids-S). The arrows indicate the examples of differentially expressed bands that 
were cut for further characterization. Black arrow, but not gray arrow, indicates the 
cDNA that can be finally cloned and sequenced. 
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Figure 3.4 The gene expression profile of A431 cells using primer H-AP22 and 
H-TllG. The abbreviations of the samples are marked on top of the gel (aerobic-C, 
hypoxia-N, reoxygenation-R, acidic pH-P, glucose depletion-Q irradiation-I, 
spheroids-S). The arrows indicate the examples of differentially expressed bands that 
were cut for further characterization. Black arrow, but not gray arrow, indicates the 
cDNA that can be finally cloned and sequenced. 
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Figure 3.5 The gene expression profile of A431 cells using primer H-AP24. The 
abbreviations of the samples are marked on top of the gel (aerobic-C, hypoxia-N, 
reoxygenation-R, acidic pH-P, glucose depletion-Q irradiation-I, spheroids-S). The 
bandings that were cut for further experiments are marked with a dot on the left 
side of the bands. A total of 30 bands were cut. 
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As shown in Figure 3.3，the differentially expressed bands on the D D gel were cut. 
There were a total of 10 bands cut from PIO D D gel and 10 bands cut from P22 D D 
gel. The c D N A was reamplificated by PCR and half of the resulting products were 
resolved by 1% agarose gel, saving another half to perform ligation. The result after 
PCR reamplification and 1% agarose gel electrophoresis. Figure 3.6 shows an 
example of the successfully reamplificated bands that were cut from P22. 
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Figure 3.6 Reamplification of cDNA from D D gel using primer H-AP22 as resolved 
by agarose gel electrophoresis. M=100bp marker; 2=2p22; 4=4p22; 5=5p22; 7=7p22. 
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Ligation of the sucussfully reamplified bands and Transfromation of the Vector to 
Ultra-competent E. coli. 
The clear and distinct bandings shown on the gel indicated the PCR reamplification of 
the cDNA was successful and so that ligation of the cDNA to enzyme-digested 
pBluscript plasmid was carried out at 14°C overnight. Afterward the cDNA-carrying 
vector was used for the transformation of the Ultra-competent E.coli cells. The E.coli 
cells that carrying the inserted vector were allowed to grow in agar plates with blue 
and white colony selection system. 
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Minipreparation PCR of the eluted cDNA 
White and single, isolated colony on the agar plate was selected to draw single colony 
and then allowed to grow exponentially in 5ml SOB medium overnight. About 3ml of 
the bacteria was used for minipreparation extraction using QIAGEN Plasmid Mini Kit 
⑧.Finally the cDNA was eluted in 33^1 TE buffer. By checking at OD260 and 
OD280, the cDNA eluted was diluted to 2|iM and then was amplified by PCR for 35 
cycles. The amplified cDNA was run on 1% agarose gel electrophoresis as in Figure 
3.7. 
The vertical displacement of bandings on agarose gels (Figure 3.6 and Figure 3.7) 
have smaller vertical displacement when compared to the bandings on acrylamide gel 
(Figure 3.3 to 3.5), this is because the two running gel are composed of different 
major materials (agarose and acrylamide) and have different natures. Chemically and 
physically, the 6% acrylamide gel has a much better resolving ability than 1% agarose 
gel. Beside, the 6% acrylamide gel was much bigger (about 80cm in length) than the 
agarose gel (about 5 cm using small gel tank) in the actual size. Therefore the 
bandings on the two gels showed different vertical displacement on the figures. 
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Figure 3.7 PCR result of the cDNA from mini-preparation. Products from 
H-AP22 as resolved by agarose gel electrophoresis. M=100bp marker; 2=2p22; 
4=4p22; 5=5p22; 7=7p22. 
The Chi nese Univers ity o f Hon.g Kong 137 
Characteristics of Cells Under Different Tumor Microenvironmental Cooditions 
Gel extraction and sequencing 
The bands from the agarose gel were cut and extracted by QIAEX Kit® from Qiagen. 
The eluted cDNA was dissolved in TE buffer and kept at -20°C for sequencing and 
Northern Blot experiments. 
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Northern Blot Analysis of the cDNA Sequenced 
The differential expression of the clone sequences in A431 cells under different 
conditions were verified by Northern Blot analysis. 7|ig of R N A samples were run in 
formaldehyde agarose gel electrophoresis and the R N A was transferred to nylon 
membrane and was cross-linked. The membrane was then used for blotting with the 
32 
interested cDNA probes (eluted from Minipreparation procedure) with radioactive P. 
The membrane was then exposed to Kodat X-ray film in cassette at -80°C. The film 
was developed and the resulting bandings on the film indicated the expression level of 
that particular gene. The results are shown in the following figures (Figure 3.8, Figure 
3.9 and Figure 3.10) with the upper panel showing the Northern Blot results, and the 
lower panel showing the 18S and 28S RNA. 
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Fig 3.8 Northern Blot Analysis of the differentially expressed clones and the 
corresponding 18S，28S R N A of using H-APIO. C=aerobic; N-hypoxia; 
R=reoxygenation; P=acidic pH; G=glucose depletion; Mrradiation; S=spheroid 
The size of R N A on the membrane are indicated aside the film. 
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Figure 3.9 Northern Blot Analysis of the differentially expressed clones and the 
corresponding 18S，28S R N A of using H-AP22. C=aerobic; N=hypoxia; 
R=reoxygenation; P=acidic pH; G=glucose depletion; I=irradiation; S=spheroid 
The size of R N A on the membrane are indicated aside the film. 
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i 3.0 kb 2.8 
28s 28s : I 
6p24 llp24 
C N R P G I S C N R P G I S 
2.9 kb 3.6 kb 
：： 1 ; : : H ; - t r i n m 
16p24 17p24 
C N R P G I S 
C N R P G I S 
：政• ^ x J J “ . I 3.7 kb 4.0 kb [V ^ 1 
l ^ a ^ ^ p i j l ^ r a 28s 28s 1 
liimrtMJLfcShmJLiSllir••.>•M圓i_—-J 18s 18s , — — 〜 一 一 
21p24 22p24 
(Continued to the next page) 
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(continued from the previous page) 
C N R P G I S C N R P G I S 
kb 3.4 kb 
28s 28s 
L i i S i a S r _ _ i i l _ i i i i n • _ " y _ ^ f a t a ^ ^ A 18s 18s 
24p24 26p24 
C N R P G I S 
3.3 kb 
』 < M a i i M h — m i ^ t e ^ ^ a i ^ 爐 18s 
28p24 
Figure 3.10 Northern Blot Analysis of the differentially expressed clones and the 
corresponding 18S, 28S R N A of using H-AP24. Ocontrol; N=hypoxia; 
R=reoxygenation; P=acidic pH; G=gliicose depletion; Mrradiation; S=spheroid 
The size of R N A on the membrane are indicated aside the film. 
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Details showing the information of the probe sequence 
Apart from performing Northern Blot analysis, the sequence obtained is used to 
search for the corresponding genes from the web: 
http://www.ncbi.nlm.nih.gov/BLAST/ 
Take the probe 6p24 as an example, the sequence of 6p24 is : 
A A G C T T C A C T A G C C T T A G T T T A A T A A A C T G A A T G T T G G A T T C C T C A A A A A A 
A A A A A 
The underlined sequence is the sequence homology to the primer P24 : 
H-AP24 5 ’-AAGCTTCACTAGC-3, 
The above sequence was submitted to the BLAST and then perform "search", the 
Blast database will display the matched genes. And the highest homology one (the 
highest score) is chosen, as in Figure 3.11. 
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+ r棚lite of 羅 l A 膚 
BLASTN 2.2.3 [Apr-24-2002] 
Reference: 
Al'ischul. Stephen F... Thomas L. Madden, Alejandro A. Schaffcr, 
Jinghui Zhang, Zheny Zhang, Webb Miller, and David i‘ Lipitian (1997), 
''Gapped BLAST and PSI-HAST: a new general ion of proiein database scarcn 




Database: All GcnBatik+EMBLiDDBJ-t-PIB scqucnces (bui no BST. STS, 
GSS, or phase 0, i or 2 HTCS ；sequences) 
1,354,612 sequences； 6 ,180,674,170 l o i a l I c i i c r s 
If you have any problems or qucslions wi.ill the results of ihis search 
please r e f e r 丨（）ihe BLAST 
Taxonosiy reports 
Dist ri but ion of.....22..Blast Mils on the Query—Seguence 
Mouse-over lu jihow d c f l i nc and scorcb . Cl ick lo show al ignmcnis ： 
Color Key €or Hlignttent Scores 
— H l l f T p i — 應 n — ， 
1-18512 p w w M M M f — F — y f — 
0 50 
� ^ s^ ^ \c A » 
换 ^ ^ * X x« ；i.X^Xf'm. 
•WWHMINWIMMMIMnaM"**"""**^!!!**""**""""""******* WNHIMMMIMMMMMMMMMMMMMnMMWMMMMiMMW 
•HHNIIHMMHNMWMIMBMMMMMMMBMaMMMMMMW 
• .、___【 丫… ••炉 
Scorc E 
Scqucnces producing i^griificsni aligniBcnis: (biis) Value 
Homo sapiens RABHA, mmbcr RA、… O 
gi 1201495491 rcf!NMJ){)4663.2j ilorrio sapiens RA.B11A. member RA…...... 5c-11 _ _ 
gi i 15426486J.sbiBC01334H. 11130)13348 Homo >sapiens, RABllA，me," .... 5e-li 
gi t21499741.gbL^ -000231.11MW0231 Homo sapiens rablla CTIPai；…—5e-li 腦圓 
gi ！5420T/21cmbTaj243457.1 ici涵243457 Chloroccbu.^  aethiops pa.，， ... .  5c-11 
g.U，161embTX5S§,U.SE^ U Canine rabU mRNA for ras-relat …—5e-ll 
ijiin5921471reflNMJ31l52.1i Raiius norvegicus RABlla, memb... 2e“07 驪鼸 
Figure 3.11 (a) Web capture of the Blast search for 6p24. The page shows the 
homology sequence to probe 6p24. 
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gKmmmi^imjlSm-1 i Mas mu,^cu!us RABlla, K.xb&r RA," 2c^07 _ 
iiJ20087I?91tb 1 AC0'924?8J) Mus rausculu^ chrofno.<«ome 9 clone ‘.，‘ 2c-07 
grwmirci'lHlLOmp.il Mus mvtsculu^  RARllh, menbct RAS:“ 2c-0?纖醒 
,gi[7108527lgb!AFl27M§.,IJ.AI:127669 MuiJ musculus small GTPase… 2c-07 M 
!am)01 Idbj ！AK01426S,LI ftfus mscului 13 diiv^  cmhryu hc^... le-O'； U S 
pI游6566 gbiM75153.1 ！KA：mn 1 R.norvegicjs ras n2;-h<c ！.... 2c-(57 B B 
tii 152159041cmb!ALl3892H.9iAMmZl Hurna:i DNA &cquenc« fron:,.. 0,74 
gi 152081211 exb I ^34553&. 1 IErE?45S% Rd 於！ la tcncliii ibRNA to... 0.74 giiIQimmigb!hmgie.41 Uomo sapiens MC done RPlt-IOIM... 2.9 
gll20334490'iblAOiTi29.4l liMO ^apieKS 3 BAC R?11-251,9 (Bo .. 2.9 
gtil6i52223lMbiAa)69499.171 Honto s&piens 3 MC Wll-'Mim ... 2.9 
gH1630i535lib!AC09i59S 2! Homo iapior.s MC clo:>c RPl 1-1146... 2.9 
till 1721753！gbiAh006l76.1 ！Att006176 p3s,tcjrcHa rauliocida P\f,.. 2.9 
gi ！H03l08ftIeabiALi«)26'；. 145^160269 lluHi^n V^h scqacnce fro... 2.9 
g1135i026S 1 gbiAC005582 ： IAOX)。^82 Ho-o sapscn.s ci-xie UWGC;g 2.9 
纖|:_,_灘_圓!:::::丨::丨^^ 鍾:.Hoiw 卿細L細ilA,她麵r MS mmg&m ifaffiily •(細 1:1紘.截NA: 
Length - 1757 
Score = 71,9 bi'.s {36). BxpccM = 5e-ll 
Iiisniitics : 43/44 (97%), tiKps ^  1/44 {2%) 
Si rand - Plus / PI u.s 
Qccrv; 3 gcucactagcci :agu .ijaiaaactgaaig-f iggar :cctc 45 
. ：：111 :f,11:11 i l J i 1；|；1 丨11 (:| r|.!:l;:l frvmiMl ！^i ! 
Sbjci: 343 gcttcaciagccnaguuaiaaactgaaigi! iggaiLcctc 386 
>gii20149549h'ef>NM„004663,2i H B Horn sapiens RMllA, member HAS oncogene family (KABiiA), niKNA 
Lcngifc = 2474 
Scorc - biis (36). Expcci = 5c-ii 
Idealities : 43/44 im), Gaps : 1/44 (2%) _ 
Strand = Plus / Pius 
Query: 3 gcucaciagccuagt r.aataasG'.gaaig-iijggaticcic 45 
• ji:nil丨:iriiI• ！11：!iKi 1:14:!:丨:丨:1:i: !： 
Sbjct: gciiciicianecna?!! ‘?ia<-aMctgaaigtUggatixeLc 997 
>1:1154264g6！gbiBTO：^HSJ W) 13348 H H Homo sapjcns, MIA, meffi&cr US oncogene fa;n:ly, clone SKT-IA 
“ 35.0339, rtSNA. complete cds 
Lefig ii ~ 
Score = 71.9 bus {3(5), Expcc. - 5c-U . 
Idemilies = 43/44 (97%), (Japs : 1/44 (2f) 
Siiand - Pias I Pius 
Ouory; 3 gcucac'vagccuagiiijsjitgaiicii^assg-liggaticcic 45 
.! 1:1:1 .丨:i. r:丨1:11：1! I 丨丨丨j:丨：翻 
Sbjci: 954 Kc• 1 -.aMcc i lag'. I uuiiaaacigafetgt \ iggai tcc;c 99? 
Figure 3.11 (b) Web capture the Blast search for 6p24. Here listed the genes with 
homology sequence according to the percentage of homology. The gene with the 
highest homology was chosen. 
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In the case of 6p24, the search results are listed in the following: 
>giI 2 0 5 4 9 5 7 8 | r e f | X M 0 9 6 0 6 2 . 4 | L J H o m o sapiens R A B l l A , m e m b e r RAS 
o n c o g e n e f a m i l y (RABllA), m R N A 
L e n g t h = 1757 
S c o r e = 71.9 b i t s (36), E x p e c t = 5 e - l l 
I d e n t i t i e s = 43/44 (97%), Gaps = 1/44 (2%) 
S t r a n d = Plus / Plus 
Query： 3 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g - t t g g a t t c c t c 45 
llllllllllllllllllllllllllllllll lllllllllll 
S b j c t : 343 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g t t t g g a t t c c t c 386 
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For other sequences, the same search procedure was performed, and the results 
are shown here: 
6plQ 
G A a A T T A A C C C T C A C T A A A G G G A A C A A A A G C T G G T A C C G G G C C C C C C C Y C c M S G T C G A C G G 
TATCGATAAGCTTGATATCGAATTCcTGCAGCCCGCGGGGgTHYACATARTTcTARAgCGGSCG 
cCACCGCGGtGGAGCTCCAATTCgCCC tA tAGTGAGTCGTATTAcAATTCACTGGCCGTCGTTT 
T A C A A C G T C G T G A c t G G G A A A A c C C t G G C G t Y A C C C A A C T T A A T C G C C T T G C A G C A C A Y C C c C 
C T T T C G C C A G C t G G C G T A A T A G c G A A G A G G C C C G C a C C G M T C B C C C t T C C C A A c A G T T G C G C A 
G C C T G A a t G G C G A A T G g A 、 
>giI 17 9955 9 Idbj |D7 8345.11 I I I H u m a n D N A for Ig g a m m a h e a v y - c h a i n , 
m e m b r a n e - b o u n d - t y p e and 
s e c r e t e - t y p e , p a r t i a l cds 
L e n g t h = 21013 
Score = 398 bits (196), E x p e c t = e-108 
I d e n t i t i e s = 208/214 (97%), Gaps = 1/214 (0%) 
S t r a n d = Plus / Plus 
Query： 119 
g c g g s c g c c a c c g c g g t g g a g c t c c a a t t c g c c c t a t a g t g a g t c g t a t t a c a a t t c a c t 178 
11丨111111丨丨丨1丨丨11丨丨1丨1111丨111丨1111111丨11丨11111111丨丨11丨1 
Sbjct： 20384 
g c g g c c g c c a c c g c g g t g g a g c t c c a a t t c g c c c t a t a g t g a g t c g t a t t a c a a t t c a c t 2 0443 
Query： 179 
g g c c g t c g t t t t a c a a c g t c g t g a c t g g g a a a a c c c t g g c g t y a c c c a a c t t a a t c g c c t 238 
llllllllllllllllllllllllllllllllllllllllll 
I I M M I I I I I I M I I I 
Sbjct: 20444 
g g c c g t c g t t t t a c a a c g t c g t g a c t g g g a a a a c c c t g g c g t t a c c c a a c t t a a t c g c c t 20503 
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Query： 23 9 
t g c a g c a c a y c c c c c t t t c g c c a g c t g g c g t a a t a g c g a a g a g g c c c g c a c c g m t c b c c c 298 
M I I I M I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
S b j c t : 20504 
t g c a g c a c a t c c c c c t t t c g c c a g c t g g c g t a a t a g c g a a g a g g c c c g c a c c g a t c g c c c 20563 
Query： 299 t t c c c a a c a g t t g c g c a g c c t g a a t g g c g a a t g g 332 
I I I I I I I M I I I I I I I I l l l l l l l l l l l l l l l l 
S b j c t : 20564 t t c c c a a c a g t t g c g c a - c c t g a a t g g c g a a t g g 20596 
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2 齒 




A A A T T A A A A A T C A C T T C A T T T T C A A A A A A A A A A A 
>giI 173 90 04 7 | g b | B C O 1 8 0 2 9 . 1 1 B C 0 1 8 0 2 9 I I I H o m o s a p i e n s , 
6 - p y r u v o y l t e t r a h y d r o p t e r i n s y n t h a s e , clone MGC：2 60 99 
I M A G E : 4 8 1 9 3 8 6 , m R N A , c o m p l e t e cds 
L e n g t h = 780 
S c o r e = 341 b i t s (172), E x p e c t = 3 e - 9 1 
I d e n t i t i e s = 193/196 (98%), Gaps = 3/196 (1%) 
S t r a n d = Plus / Plus 
Query： 80 
t t t g a t c c c c t - g g a a t a t t a a g a g g t c a a c a c g t g a t t g t t g t a c g t a c a c a t - g t g c t 137 
M l l l l l l l l l I I M I I I I I I I I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I 
Sbjct : 568 
t t t g a t c c c c t t g g a a t a t t a a g a g g t c a a c a c g t g a t t g t t g t a c g t a c a c a t t g t g c t 627 
Query： 138 
c t g g a g t g c c t a t t t a t t g a a a t c a t t g t a a g a c c t g t t a t a a a t t t a a g t c t a t t t a a a 197 
I I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I M I M I I I I M I I I I I M I 
Sbjct： 628 
c t g g a g t g c c t a t t t a t t g a a a t c a t t g t a a g a c c t g t t a t a a a t t t a a g t c t a t t t a a a 687 
Query： 198 
a c t a a a c t t g t a a c t a t a c a t c c t g a a a a t c a t t t a g a g a g t c t t t t a t t t a t a a a t t a a 257 
lllllllllllll 
M M M M M M M M M M M M M M M M M M M M M M M 
Sbjct: 688 
a c t a a a c t t g t a a - t a t a c a t c c t g a a a a t c a t t t a g a g a g t c t t t t a t t t a t a a a t t a a 74 6 
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Query： 258 a a a t c a c t t c a t t t t c 273 
S b j c t : 747 a a a t c a c t t c a t t t t c 762 
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4p2i 
G A A C A A A G C T G G T A C G G G C C C C C C C T C G A G G T C G A C G G T A T C G A T A A G C T T G A T T A A G C T T 




>giI 6 6 9 3 6 0 3 | d b j |AP001053.11 I I H o m o sapiens g e n o m i c D N A , c h r o m o s o m e 
2 1 , c l o n e : K B 8 3 6 E 9 , M X 1 - D 2 1 S 1 7 1 
r e g i o n , c o m p l e t e s e q u e n c e 
L e n g t h = 161920 
S c o r e = 325 b i t s (164), E x p e c t = le-86 
I d e n t i t i e s = 178/180 (98%), Gaps = 2/180 (1%) 
S t r a n d = Plus / M i n u s 
Query： 63 
t g a t c c t a a a a t a a g c t t c a t c t c c g g g c t g t g c c c c t - g g g g t g g a a g g g g c a g g a t t c 121 
I I I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I imiiMMmimiMi 
Sbjct : 15974 
t g a t c c t a a a a t a a g c t t c a t c t c c g g g c t g t g c c c c t t g g g g t g g a a g g g g c a g g a t t c 15915 
Query： 122 
t g c a g c t g c t t t - g c a t t t c t c t t c c t a a a t t t c a t t g t g t t g a t t t c t t t c c t t c c c a a 180 
llllllllllll imiimiiimiimmimmimiii immm 
Sbjct : 15914 
t g c a g c t g c t t t t g c a t t t c t c t t c c t a a a t t t c a t t g t g t t g a t t t c t t t c c t t c c c a a 15855 
Query： 181 
t a g g t g a t c t t a a t t a c t t t c a g a a t a t t t t c a a a a t a g a t a t a t t t t t a a a a t c c t t a c 240 
I I I I I M M I M I I I I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Sbjct: 15854 
t a g g t g a t c t t a a t t a c t t t c a g a a t a t t t t c a a a a t a g a t a t a t t t t t a a a a t c c t t a c 15795 
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觀 
T G G A G C C C A C G C G G G G C G G C G C T C T A G A A C T A G T G G A T C C C C C G G G C T G C A G G A A T C G A T T 
AAGCTTTGATCCCCTAATACCTAGTCTACTTTTTAAATTTTCAGACTTCACTGCTTTTGAATT 
CATAATTCTAATTTTCACATTATTGTTAATGGAAAATCATATCTAATAAAGGTTTTAGTTATTCC 
C A A A A A A A A A A A 
>giI 1 1 5 4 4 6 3 8 | e m b | A J 2 95 8 4 4 . 1 | H S A 2 9 5 8 4 4 _ H o m o s a p i e n s p a r t i a l R A N B P 7 
g e n e for RaiiBP7/importin7 and p a r t i a l 
ZNF143 g e n e 
L e n g t h = 119794 
S c o r e = 228 b i t s (115), E x p e c t = 2e-57 
I d e n t i t i e s = 125/127 (98%), Gaps = 1/127 (0%) 
S t r a n d = Plus / Plus 
Query： 65 
c t t t g a t c c c c t a a t a c c t a g t c t a c t t t t t a a a t t t t c a g a c t t c a c t g c t t t t - g a a t 12 3 
M i l I I I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
Sbjct : 49610 
c t t t a a t c c c c t a a t a c c t a g t c t a c t t t t t a a a t t t t c a g a c t t c a c t g c t t t t t g a a t 49669 
Query： 124 
t c a t a a t t c t a a t t t t c a c a t t a t t g t t a a t g g a a a a t c a t a t c t a a t a a a g g t t t t a g t 183 
I I I I I I I I I I I I I I I I I I I I I I M I I M I I I I I I I I M M M I I I I I I I I I I I I I I I I I I 
Sbjct: 49670 
t c a t a a t t c t a a t t t t c a c a t t a t t g t t a a t g g a a a a t c a t a t c t a a t a a a g g t t t t a g t 49729 
Query： 184 t a t t c c c 190 
imm 
Sbjct： 49730 t a t t c c c 49736 
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7p22 
AAGCTTTTGATCCTATGTAGTGCGCTTCCCAAAATGTACACCACCACCTTTAGTAGAATTGGG 
A A G T T T T A G C A C A T A C C C A T G G A G G G A A T C A G G A A T A A A G G C A G A C T G G T C T C C C A A A A A A A A A A A 
>giI 5 9 3 1 7 1 9 | e m b | A L 0 3 1 4 2 8 . 9 | H S 1 8 4 J 9 丨 I 丨 H u m a n D N A s e q u e n c e from clone 
R P 1 - 1 8 4 J 9 on c h r o m o s o m e l p 3 5 . 1 - 3 6 . 1 2 , 
c o m p l e t e s e q u e n c e [Homo sapiens] 
L e n g t h = 1 0 0 9 5 1 
S c o r e = 222 b i t s (112), E x p e c t = 7e-56 
I d e n t i t i e s = 112/112 (100%) 
S t r a n d = Plus / Plus 
Query： 7 
t t g a t c c t a t g t a g t g c g c t t c c c a a a a t g t a c a c c a c c a c c t t t a g t a g a a t t g g g a a g 66 
I I M M I M M I I I I I I I I I I I I I I I I M I M I I I I L M I I M I I I I I I I I I I I I I I I I I 
S b j c t : 28263 
t t g a t c c t a t g t a g t g c g c t t c c c a a a a t g t a c a c c a c c a c c t t t a g t a g a a t t g g g a a g 2 8322 
Query： 67 t t t t a g c a c a t a c c c a t g g a g g g a a t c a g g a a t a a a g g c a g a c t g g t c t c c c 118 
llllllllllllllllllllllllllllllllllllllllllllllllllll 
Sbjct： 28323 t t t t a g c a c a t a c c c a t g g a g g g a a t c a g g a a t a a a g g c a g a c t g g t c t c c c 
28374 
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6p24 
A A G C T T C A C T A G C C T T A G T T T A A T A A A C T G A A T G T T G G A T T C C T C A A A A A A A A A A A 
>gi I 2 0 5 4 9 5 7 8 IrefIXM 096062.4 | l_J H o m o sapiens R A B l l A , m e m b e r RAS 
o n c o g e n e f a m i l y (RABllA), m R N A 
L e n g t h = 1757 
S c o r e = 71.9 b i t s (36), E x p e c t = 5e-ll 
I d e n t i t i e s = 43/44 (97%), Gaps = 1/44 (2%) 
S t r a n d = Plus / Plus 
Query： 3 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g - t t g g a t t c c t c 45 
imiiiimmiimminmiMi immiiM 
Sbjct: 343 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g t t t g g a t t c c t c 386 
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llp24 
GTAGTCGACGGTATCGATAAGCTTGATAAGCTTCACTAGCCTTAGTTTAATAAACTGAATGTT 
G G A T T C C T C A A A A A A A A A A A 
〉giI 2 0 5 4 9 5 7 8 Iref|XM 096062.4 | _ H o m o sapiens R A B l l A , m e m b e r RAS 
o n c o g e n e f a m i l y (RABllA), m R N A 
L e n g t h = 1757 
S c o r e = 71.9 b i t s (36), E x p e c t = 9e-ll 
I d e n t i t i e s = 43/44 (97%), Gaps = 1/44 (2%) 
S t r a n d = Plus / Plus 
Query： 30 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g - t t g g a t t c c t c 72 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
S b j c t : 343 g c t t c a c t a g c c t t a g t t t a a t a a a c t g a a t g t t t g g a t t c c t c 386 
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16p24 
G A A A T T A A C C C T C A C T A A A G G G A A C A A A A G C T G G T A C C G G G C C C C C C C T C G A G G T C G A C G 
GTATCGATAAGCTTGATTAAGCTTCACTAGCACTCTCATTTCTCAAGAGCCAGAACATGGTG 
AATACAGTCAAGTTCAGTGTATTTGATAATATCAATTTGGGcCCCaMATCTCTCTCACAGTCT 
T C C t G G G a G T C T A T T C T T C T T C C A A A A A A A A A A A 
>gi I 1 8 5 9 3 5 8 5 I ref |XM 086797 .11 L_] H o m o sapiens s i m i l a r to ！ ！!! ALULASS 
A W A R N I N G E N T R Y !!!! 
(LOC150156) , m R N A 
L e n g t h = 2102 
S c o r e = 245 b i t s (123), E x p e c t = 2e-62 
I d e n t i t i e s = 124/125 (99%) 
S t r a n d = Plus / Plus 、 
Q u e r y : 84 
t c a c t a g c a c t c t c a t t t c t c a a g a g c c a g a a c a t g g t g a a t a c a g t c a a g t t c a g t g t a 143 
I M I I I I I I I I I I I I I I I I M I I I I I I I I I I I I I I I I I M I I M I I I I I I I M I I I I I I I 
Sbjct： 1816 
t c a c t a g c a c t c t c a t t t c t c a a g a g c c a g a a c a t g g t g a a t a c a g t c a a g t t c a g t g t a 1875 
Query： 144 
t t t g a t a a t a t c a a t t t g g g c c c c a m a t c t c t c t c a c a g t c t t c c t g g g a g t c t a t t c t t 203 
i m i M M M i m i m i M M i 
I I I I I I I I I I I I I I I I I M I M I I I I I I I I I I I I 
Sbjct: 1876 
t t t g a t a a t a t c a a t t t g g g c c c c a a a t c t c t c t c a c a g t c t t c c t g g g a g t c t a t t c t t 1935 
Query： 204 cttcc 208 
丨MM 
Sbjct: 1936 cttcc 1940 
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17p24 
C G G C C A G T G A A T T G T A A T A C G A C T C A C T A T A G G G C G A A T T G G A G C T C C A C C G C G G T G G C G G 
C C G C T C T A G A A C T A G T G G A T C C C C C G G G C T G C A G G A A T T C G A T T A A G C T T C A C T A G C C T T A G 
TTTAATAAACAAGCTTCACTAGCCTTAGTTTAATAAACTGAATGTTTGGATTCCTCAAAAAA 
A A A A A 
〉giI 2 8 6 1 0 6 Idbj |D135 09.1丨MUSPAPA __ Mus m u s c u i u s m R N A for PAP 
h o m o l o g o u s p r o t e i n , c o m p l e t e cds 
L e n g t h = 745 
S c o r e = 192 b i t s (97), E x p e c t = le-46 
I d e n t i t i e s = 104/105 (99%), Gaps = 1/105 (0%) 
S t r a n d = Plus / M i n u s 
Query： 1 
c g g c c a g t g a a t t g t a a t a c g a c t c a c t a t a g g g c g a a t t g g a g c t c c a c c g c g g t g g c g 60 
Sbjct： 653 
c g g c c a g t g a a t t g t a a t a c g a c t c a c t a t a g g g c g a a t t g g a g c t c c a c c g c g g t g g c g 5 94 
Query： 61 g c c g c t c t a g a a c t a g t g g a t c c c c c g g g c t g c a g g a a t t c g a t t 105 
I I I I I I I I I I I I I I M M I I I I I I I I M I I I I l l l l l l l l l l l l 
Sbjct: 593 g c c g c t c t a g a a c t a g t g g a t c c c c c g g g c t g - a g g a a t t c g a t t 550 
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21p24 
G A A A T T A A C C C T C A C T A A A G G G A A C A A A A G C T G G T A C C G G G C C C C C C C T C G A G G T C G A C G 
GTATCGATAAGCAAGCTTCACTAGCAATATCAACCATTAACCTTCCCTCTACACTTATCATCT 
TCACAATTCTAATTCTACTGACTATCCTAGAAATCGCTGTCGCCTTAATCCAAAAAAAAAAA 
>giI 2 0 3 8 5 2 0 2 Igb|AF3 682 71.11 _ H o m o sapiens A T P s y n t h a s e 6 m R N A , 
c o m p l e t e cds； m i t o c h o n d r i a l g e n e 
for m i t o c h o n d r i a l p r o d u c t 
L e n g t h = 899 
S c o r e = 186 b i t s (94), E x p e c t = 6e-45 
I d e n t i t i e s = 94/94 (100%) 
S t r a n d = Plus / Plus 
Query： 81 
c t a g c a a t a t c a a c c a t t a a c c t t c c c t c t a c a c t t a t c a t c t t c a c a a t t c t a a t t c t a 140 
M l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l l 
Sbjct： 708 
c t a g c a a t a t c a a c c a t t a a c c t t c c c t c t a c a c t t a t c a t c t t c a c a a t t c t a a t t c t a 767 
Query： 141 c t g a c t a t c c t a g a a a t c g c t g t c g c c t t a a t c c 174 
llllllllllllllllllllllllllllllllll 
Sbjct: 768 c t g a c t a t c c t a g a a a t c g c t g t c g c c t t a a t c c 801 
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22p24 




> g i | 2 1 3 0 6 6 5 3 | g b | A C 1 1 7 522.2| _ H o m o sapiens c h r o m o s o m e 5 clone 
R P 1 1 - 1 0 7 2 N 2 , c o m p l e t e s e q u e n c e 
L e n g t h = 170219 
S c o r e = 168 b i t s (85), E x p e c t = le-39 
I d e n t i t i e s = 85/85 (100%) 
S t r a n d = Plus / M i n u s 
Query： 82 
t t c a c t a g c g t a a t a c a a c c c c t c t c c t t t t c a t t a a t a t t t t g t g c t t c c a a g t a a a t c 141 
11 M 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 11 M 11 
Sbjct: 162994 
t t c a c t a g c g t a a t a c a a c c c c t c t c c t t t t c a t t a a t a t t t t g t g c t t c c a a g t a a a t c 162935 
Query： 142 t t a c t a c a c a t t g a t c t t t t a a t t g 166 
I I M M M m i M M M i m i M 
Sbjct： 162934 t t a c t a c a c a t t g a t c t t t t a a t t g 162910 
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G C G T T A C C C A A C T T A A T C G C C T T G C A G C A C A T C C C C T T T C G C C A G C T G G C G T A A T A G C G A A G 
A G G C C C G C A C C G A T C G C C C T T C C C A A C A G T T K G C G C A S C T G A A T G G C G A A T G G R A A T G T A g 
CGTTATaTTGTAAATCGCGTAATTTGTaAATCAGCTCWTTT 
>giI 179955 9 Idbj |D7 8345.11 I I I H u m a n D N A for Ig g a m m a h e a v y - c h a i n , 
m e m b r a n e - b o u n d - t y p e and 
s e c r e t e - t y p e , p a r t i a l cds 
L e n g t h = 21013 
S c o r e = 378 b i t s (189), E x p e c t = e - 1 0 2 
I d e n t i t i e s = 2 1 1 / 2 1 5 (98%), Gaps = 3/215 (1%) 
S t r a n d = Plus / Plus 
Query： 150 
g c g g c c g c c a c c g c g g t g g a g c t c c a a t t c g c c c t a t a g t g a g t c g t a t t a c a a t t c a c t 2 09 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
Sbjct: 20384 
g c g g c c g c c a c c g c g g t g g a g c t c c a a t t c g c c c t a t a g t g a g t c g t a t t a c a a t t c a c t 20443 
Query： 210 




g g c c g t c g t t t t a c - a a c g t c g t g a c t g g g a a a a c c c t g g c g t t a c c c a a c t t a a t c g c c 20502 
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Q u e r y : 270 
t t g c a g c a c a t - c c c c t t t c g c c a g c t g g c g t a a t a g c g a a g a g g c c c g c a c c g a t c g c c 328 
i m i N i m 
Sbjct： 20503 
t t g c a g c a c a t c c c c c t t t c g c c a g c t g g c g t a a t a g c g a a g a g g c c c g c a c c g a t c g c c 20562 
Query： 32 9 c t t c c c a a c a g t t k g c g c a s c t g a a t g g c g a a t g g 363 
i M M M M M i i M i l l i i i m i i i m m 
S b j c t : 20563 c t t c c c a a c a g t t - g c g c a c c t g a a t g g c g a a t g g 20596 
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A A G C T C G A A A T T A A C C C T C A C T A A A G G G A A C A A A A G C T G G T A C C G G G C C C C C C C T C G A g G T 
CGACGGTATCGATAAGCTTGATAAGCTTCACTAGCAATATCAACCATTAACCTTCCCTCtACaC 
TTATCATCTTCACAATTCTAATTCTACTGacTATCCAaAAAAAAAAA 
>giI 2 0 3 8 5 2 0 2 Igb|AF3 682 71.11 L J H o m o sapiens A T P s y n t h a s e 6 m R N A , 
c o m p l e t e cds； m i t o c h o n d r i a l g e n e 
for m i t o c h o n d r i a l p r o d u c t 
L e n g t h = 899 
S c o r e = 139 b i t s (70), E x p e c t = le-30 
I d e n t i t i e s = 70/70 (100%) 
S t r a n d = Plus / Plus 
Query： 92 
c t a g c a a t a t c a a c c a t t a a c c t t c c c t c t a c a c t t a t c a t c t t c a c a a t t c t a a t t c t a 151 
llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 
Sbjct : 708 
c t a g c a a t a t c a a c c a t t a a c c t t c c c t c t a c a c t t a t c a t c t t c a c a a t t c t a a t t c t a 767 
Query： 152 c t g a c t a t c c 161 
llllllllll 
Sbjct: 768 c t g a c t a t c c 777 
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28p24 
T C G A A A T T A A C C C T C A C T A A A G G G A A C A A A A G C T G G T A C C G G G C C C C C C C T C G A G G T C G A 
G G T A T C G A T A A G C T T G A T T A A G C T T C A C T A G C A A T C A A G G A A A T C A G A T T A A A A C C A C A G G 
A C A C A A T T T C A C T G C C C T C A A A T T G G C A A A A A A A A A A A 
> g i | l 7 9 7 7 2 0 4 | g b | A C Q 9 3 0 1 9 . 2 | _ H o m o sapiens c h r o m o s o m e 1 clone 
R P 4 - 7 1 4 D 9 , c o m p l e t e s e q u e n c e 
L e n g t h = 1 1 6 9 1 1 
S c o r e = 131 b i t s (66), E x p e c t = 3e-28 
I d e n t i t i e s = 66/66 (100%) 
S t r a n d = Plus / Plus 
Query： 84 
c t t c a c t a g c a a t c a a g g a a a t c a g a t t a a a a c c a c a g g a c a c a a t t t c a c t g c c c t c a a 143 
M M M M M M M M M M M M M M M M M M L M M M M M M M M I M M M 
Sbjct： 6597 
c t t c a c t a g c a a t c a a g g a a a t c a g a t t a a a a c c a c a g g a c a c a a t t t c a c t g c c c t c a a 6656 
Query： 144 attggc 149 
m m 
Sbjct： 6657 a t t g g c 6662 
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expression level of the 
Probe The search result from BLAST probe 
6pl0 Human D N A for Ig gamma heavy-chain , 
membrane-bound-type and ecrete-type, C > I > S > R > N > P > G 333 
p a r t i a l cd 
2"d22 Homo s a p i e n s , 6-pyruvoyl tetrahydropter in 
^ S > I > P > R > N > G > C 284 
synthase 
4p22 Homo sapiens genomic DNA, chromosome 21 R>N>G>S>P>I>C 251 
5p22 Homo sapiens p a r t i a l RAMBP7 gene f o r 




7p22 Human DNA sequence from clone RP1-184J9 on 
^ N=P=C〉I〉G〉S〉R 129 
chromosome lp35.1-36.12 
6v24 Homo sapiens R A B l l A , member RAS oncogene 
^ I〉ON二R〉P〉G〉S 56 
family ( R A B l l A ) -11d24 Homo sapiens RABllA, member RAS oncogene 
^ N>S>G>R>P>I>C 83 
family ( R A B l l A ) 
16p24 Homo sapiens similar to !!!! ALU CLASS A 
^ I〉C〉N〉P〉R〉S>G 219 
W A R N I N G ENTRY ! ! ! ! 
17p24 Mus musculus mRNA for PAP homologous protein I>C>N>R>P=G>S 190 
21p24 Homo sapiens ATP synthase 6 mRNA I � R � N = G > P � C � S 185 
22p24 Homo sapiens chromosome 5 clone RPl l-1072N2 C>G>N>R>P>I>S 188 
24d24 Human D N A for Ig gamma heavy-chain, 
P I〉C〉R〉S〉G〉P〉N 421 
membrane-bound-type and secrete-type 
26p24 Homo sapiens ATP synthase 6 mRNA N>I>S>R>G>P>C 172 
28p24 Homo sapiens chromosome 1 clone RP4-714D9 S>N>I>C>P=G>R 159 
Table 3.2 Table summarizing the genes of the sequenced probes and their expression 
level in A431 cells under different conditions. C^aerobic; N=hypoxia; 
R=reoxygenation; P=acidic pH; G=glucose depletion; Mrradiation; S=spheroid 
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3.4 DISCUSSIONS 
Differential display is a powerful tool for the identification and characterization of the 
differentially expressed genes. In addition, while substactive and differential 
hybridization techniques require large amounts of RNA, D D R T can effectively 
identify specific messages using nanograms of total R N A (Liang and Parde, 1995; 
Chen, et al., 1996). This technique was used to provide an insight into the novel 
molecular mechanisms of A431 cells under different stress conditions apart from 
hypoxia. 
However not every differentially expressed gene as shown in D D gel can be obtained 
and confirmed by Northern Blot analysis. There were totally 50 bands cut from all the 
3 D D gels, and those that can be successfully reamplificated and cloned, and then 
taken for sequencing were only 17. The successful rate of the clones to be sequenced 
is 14 out of 17, which is about 82% successful rate in sequencing. When calculating 
the successful rate compared to the bands that were cut from the D D gel, the 
successful percentage is 14 out of 50，which is about 30%. This may be due to the 
contamination of the cDNA during the long experimental process, the failure of 
cDNA insertion to the vector, the failure of the vector to transform into the E.coli， 
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instability of the inserted clones, and the un-recovery of the transformed vector from 
the bacteria cell during Minipreparation experiment. 
Some genes that appeared to be up-regulated under hypoxia includes the Human D N A 
sequence from clone RP1-184J9 on chromosome lp35.1-36.12, Homo sapiens 
RABllA, member RAS oncogene family (RABllA) and Homo sapiens ATP synthase 
6 m R N A genes. RAS is one of the families of oncogenes first identified as 
transforming genes of Harvey and Kirsten murine sarcoma viruses. It is a 
transforming protein encoded p21ras, a GTP-binding protein with GTPase activity, 
that resembles regulatory G-proteins. Upregulation of this gene might imply that 
under hypoxia, the production of a GTP-binding protein with GTPase activity is 
increased. From this, we might speculate that under oxygen deprivation, signal 
transduction is carried through a pathway involving regulatory G-proteins. Besides, 
the Homo sapiens ATP synthase 6 m R N A genes is also upregulated under hypoxia. 
This gene is related to the ATP production, this gene's product is involved in energy 
production in which cells must alter this function when facing hypoxia. Other 
literatures have mentioned that ADP/ ATP translocator gene is one of the 
oxygen-regulated genes. Our results seem fit into these finding. 
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Those upregulated after irradiation on A431 cell are: Homo sapiens partial RANBP7 
gene for RanBP7/importin7 and partial ZNF143 gene, Homo sapiens RABllA, 
member RAS oncogene family (RABllA), Mus musculus m R N A for PAP 
homologous protein, Homo sapiens ATP synthase 6 mRNA, and the gene for Human 
D N A for Ig gamma heavy-chain, membrane-bound-type and secrete-type. Two 
genes that are up-regulated by hypoxia (Homo sapiens RABllA, member RAS 
oncogene family (RABllA) and Homo sapiens ATP synthase 6 m R N A genes) are 
also found to be up-regulated under irradiation. Here, it might be due to some 
common points in physiological responses under these two stresses. The gene for 
Human D N A for Ig gamma heavy-chain was found to be upregulated under 
irradiation. This gene encodes immunoglobulins and hence it is speculated that 
immune responses might be triggered under irradiation. Numerous studies convey that 
radiation treatment in chemotherapy will change the drug responses under drug 
treatment, will this phenomenon involve the participation of immune systems since an 
immune gene is found by our research? Clearly more in-depth research should be 
done to verify this hypothesis. 
The genes that appeared to be upregulated under spheroid includes Homo sapiens, 
6-pyruvoyltetrahydropterin synthase and the Homo sapiens chromosome 1 clone 
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RP4-714D9. 6-pyruvoyltetrahydropterin synthase is an enzyme that catalyzes a step in 
the synthesis of tetrahydrobiopterin and a deficiency of this enzyme will result in one 
form of hyperphenylalanineamia. Apparently this gene is related to amino acid 
metabolisms, will this convey any relationship between spheroid and the nutrients 
uptake and utilization? The answer remains unknown until further studies to be done. 
Besides, the gene that was found to be up-regulated under reoxygenation is Homo 
sapiens genomic DNA, chromosome 21. Disorder in chromosome 21 is known to 
cause Down syndrome and other mental retardations, is that any relationship between 
hypoxia and embryo cells development in the cause of Down's syndrome? It is very 
interested to find out the answer. 
Generally we can conclude that hypoxia and other stress will certainly alter the 
metabolic response of cells. So far, some of the oxygen-regulated genes reported by 
other studies are involved in functions like, oxidative phosphorylation (cytochrome-c 
oxidase), protein synthesis (elongation factor), and in sterol synthesis 
(3-OH-methylglutaryl CoA reductase) etc. Cells undergo adaptations by regulation of 
genes involving in energy productions and in nutrients uptakes. However the detail 
mechanisms are not yet been elucidated. Some more works should be done in order to 
have a deeper investigation on the hypoxia and stress related genes, for example the 
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regulation level of those genes, whether it is regulated at the transcriptional level or at 
the protein stability level. To view the bigger picture, in-depth investigations on the 
gene expression aspects must be work on. 
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GENERAL CONCLUSION 
Although impressive progress has been made recently in understanding molecular 
mechanisms by which organisms from bacteria to humans adapt to hypoxia. Several 
unifying themes emerge. 
Although cancer cells are under rapid proliferation, they are at the same time suffering 
from various kinds of stresses like hypoxia and glucose insufficiency as mentioned in 
this thesis. If these stresses can inhibit the further proliferation of the cancer cells, it 
would be good news to cancer therapy. On the other hand, if the cancer cells are able 
to adapt to the stress or mutate to a stranger strain, it might still be good to cancer 
therapeutic research. It is because as we understand more, both on the cellular 
responses and the molecular mechanisms, we can have a better insight into the cancer 
cells physiology and hence to develop better battle towards it. 
In this research, the biological characteristics of two cancer cell lines A431 cells and 
SiHa cells under different tumor microenvironments were examined. From the results 
we also notice the common and the different responses for these two cell lines under 
stresses. Both cell lines are able to proliferate under hypoxia and are vulnerable under 
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pH range that is lower than pH6.5, they are prone to killing under glucose deficiency 
and by irradiation, although, hypoxia apparently does not reduce the radiation induced 
apoptosis level in both cell lines. Furthermore, the responses to EGF varies in the two 
cell lines, it might convey that the properties of tumor cells towards growth factors are 
much dependent on the cell types and the host's physiology. 
By differential display experiments, we found that genes demonstrated varied 
expression levels in the same cell line under different kinds of stresses. The gene 
sequences, however, only tell a little about the mechanisms guiding the cells reaction 
under different tumor microenvironments. Questions like, will the genes that was 
sequenced in this research depend on the cooperation of the hypoxia-inducible 
transcription factor HIF-1 with other distinct transcription factors? Are they 
coordinated? The mechanisms in which they are activated? To answer these, long way 
still have to be done in order to further study and characterize the clones. 
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